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PREFACE. 



WaiLE we have recent and improved systems of Geography, of Aritb* 
raetic, and of Grammar, in ample variety, -and Reading and Spelling Books 
in corresponding abundance, many of which show our advancement in 
.the science of education, no one has offered to the public, for the use of 
our schools, any new- or improved system of Natural Philosophy. And 
yet this is a branch of education very extensively studied at the present 
time, and probably would be much more so, were some of its-parts so ex- 
plained and illustrated as to make them more easily understood. 

The author therefore undertook the following work at the suggestion of 
several eminent teachers, who for years have regretted the want of a book 
on this subject, more familiar in its explanations, and more ample in its 
details, than any now in common use. 

The Conversations on Natural Philosophy, a foreign work now exten- 
sively used in schools, though beautifully written, and often highly inter- 
esting, is, on the whole, considered by most instructors as exceedingly 
deficient^ particularly in wanting such a method in its explanations, as to 
convey to the mind of the pupil precise and definite ideas } and also in 
the omission of many subjects, in themselves most useful to the student, 
and at the same time most easily taught. 

It is also doubted by many instructors, whether Conversations is the 
best form for a book of instruction, and particularly on the several sub* 
jects embraced in a system of Natural Philosophy. Indeed, those who 
have had most experience as teachers, are decidedly of the opinion that 
it is not; and hence we learn, that in those parts of Europe where the 
subject of education has received the most attention, and consequently 
where the best methods of conveying instruction are supposed to have 
been adopted, school books in the form of conversations are at present en- 
tirely out of use. 

The author of the following system hopes to have illustrated and ex- 
plained most subjects treated of, in if manner so familiar as tabe under- 
stood by the pupil, without requiring additional diagrams, or new modes 
of ezplanaticms from the teacher. 

Every one who has attempted to make himself master of a difficuh 
proposition by means of iliagrann, knows that the gre«| number of letteM 
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of reference with which they are Bometimes loaded, is often the most per- 
plezing port of the subject, and particularly when one figure is Qiade to 
answer sereral purposes, and is placed at a distance from the explanation* 
To avoid this difficulty, the author has introduced additional figures to 
illustrate the different parts of the subject, instead of referring back to for- 
mer ones, so that the student is never perplexed with many letters on any 
one figure. The figures are also placed under the eye, and in immediate 
connexion with their descriptions, so that the letters of reference in the 
text, and those on the diagrams, can be seen at the same time. In respect 
to the language employed, it has been the chief object of the author to 
make himself understood by those who know nothing of mathematics, and 
who indeed had no previous knowledge of Natural Philosophy. Terms 
of science have therefore been as much as possible avoided, and when 
used, are explained in connexion with the subjects to which they 
belong, and it is hoped, to the comprehension of common readers. Thik 
method was thought preferable to that of adding a Glossary of scientific 
terms. 

The author has dlso endeavored to illustrate the subjects as much as 
possible by means of commcm occurrences, or common things, and in Hm 
manner to bring philosophical truths as much as practicable within ordi- 
nary acquirements. It is hoped, therefi>re, that the practical mechanic 
may take some useful hints concerning his business, firom several parts ol 
the work. 

Bartford, Mof, 1830. 
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T%B attention of Teaehersj and other gentlemen intereettd in education, It requeeU 
edfto the following notices of this " System of PfUlosophyf" wMch are from the 
wtoet respectable sources: 

From John Griscom, Lit. D. Principal of the New- York High School 

New- York, June mh, 183a 

ESTBBUSD FbXSND, 

, I have received and examined Ihj book on Natural Philosophy, with mach satis- 
faction ; I have no hesitation in saying, that I consider it better adapted to the pur* 
poses of School Instruction, than any of the Manuals liitherto in use with which I am 
acquaintedl. The amiable author of the Conversations threw a charm over the dif> 
ferent subjects which she has treated of, by the interlocutory style wliichshe adopted, 
and thus rendered the private study of those Sciences more attractive ; but this style 
er manner, being necessarily diffuse, is not so weH adapted to the didactic forms of 
instruction pursued in Scliools. Hence also, more matCer can bo introduced within 
the same compass, and I And, on comparing thy volume with cither of the editions 
of the Conversations now in use, that the former is much better entitled to the ap- 
pellation of a System of Natural Pliilosophy, than ti)e latter. The additicn Also of 
ELectricity and Magnetism, is by no means unimportant In a course of instruction la 
the Physical Scieoces. 

I am, with great respect, JOHN GRISCOM. 

P. S. I have recommended thy book to all the pupils of our High School, who a*< 
tend to Natural Philosophy, and it is the only Book wliich we shall now use as a Class 
Book. 

From fl Potter, Professor t^f Mathematics and Natural PhUosophjfy in Washing' 

ton College, Hartford, Omn, 
Dbix Sm, 
I have examined a portion of your work on Natural Philosophy, and am happy ki 
say that I am, in general, well pleased with the plan you have adopted. With the 
exception of a few errors, which will doubtless be corrected in a subsequent edition, 
your mode of treating your subjects seems to be sufficiently scientific for a work so 
very elementary in its character->and at the same time, it is so popular, as to present 
few difficulties to an uneducated* person of ordinary understanding. The diagrams 
are generally well drawn, and the plan of introducing them on the same page with 
the explanation, will contribut3 greatly to the comfort and advantage of your readers. 

Very truly Yours, IL POTTER. 

Db. J. L. COMSTOCK. 

Washington College, July 1, 1830. 
From the JRight Rev, T, C. Brownell, D. D., LL, D., President qf Washington 

College. 
From a cnreory examination of the work, I willingly concur in the above recom 
mendation. I know of no similar Book, which, for plan and arrangement, is so well 
calculated for the use of Schools. T. C. BROWNELL. 

Dm. J. 1m Coiutock. 

I* 
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Db. Oomroos, 

I bare examined your Treatise on Natural Philoeopl^ with cdosldeEBbto aftenttofl, 
baTinf used it as a Text Book in the Grammar School, immediately <» its pobUca- 
Ikm. With this knowledge of its contents, I have no hesitation in pronounciqf it the 
best work on this subject, for the use of Schools and Academies, with which I am 
acquainted, and therefore hope to see it extensively introduced. 

E. F. BARROWB^ 
Principal Sartford Qrammar SekoU 
Bdrfford, June 26, 1830. . 

Urn. COVSTOGK, 

Dear 8ir,—l have earefolly examined your System of Natural PhOoBophy, and am 
of opinion that it is far superior to any work of the kind now in use. As particnlar 
excellencies of tills System, I would mention its happy illustrutions— theperqiicnity, 
variety, arrangement, and ori|inality of its diagrams, and the addition of much-new^ 
interesting, and useful matter. It appears; indeed, to have been a principal object 
with you, to give the Student o^rreel and definUe ideas, and in this attempt I think 
you have been peculiarly successful. I.bave been highly pleased with the work my 
self, and can heartily recommend it to the attention and patronage of the puUie. 

OLIVER HOt^ON, 
Principal of the Select School 
Bar^fbrd, June 1, 1830. 

From the Teacher qf Mathomatieo and Natural PhOboopky in the High Scho^ at 

BlUngUm, Conn, 
Dear £Vr,— I have examined your " System of Natural Philosophy," and used it as 
a text-book for one c«ass. I consider it better adapted to the purposes of elementary 
instruction than any work of a similar kind with which I am at present acquainted. 

ZEBULON CROCKEB. 
Ellington School, Aug. 10, 1830. 
GazmaiKBM, 

I have examined "Ck>matock's Natural PhUosopby," and think it is a book excel- 
lently adapted to communicate a competent knowledge of the various sut]t|ecl8 on 
which it treats. It does not enter into that depth of Scientifical and Bfathematicai 
illnstrati(», of which the subjects are susceptible ; but it illustrate^ In a familiar way, 
most of the principles of Natural Philosophy, and is enriched with a statement ol 
practical details in that science. R is a book well calculated to be highly useful in 
our Schools and Academies. 

Most respectfully Yours, &c. ROBERT BRUCE, 

President qfWeatern Univeraitj/f Penn. 

ChCIITLBKBN, 

I have examined many of those Treatises of Natural Philosophy that have been pre- 
pared for the younger classes oY Students— Dr. Ck>mstock approaches more nearly to 
the idea I have iormed of what such a work should be, than aiiy I have met with. It 
is rich in Philoeophical facts, its explanations are popular, its illustrations practical, 
audits language perspicuous. It is perfectly adapted to those students at school that 
do not take an extensive course of Biathematlcs, and to those that do^ it will serve the 
important purpose of an Introduction. 

Toofs, respectfully, J. H. FIELDING, 

Pteoident qfMadioon CoUege. 
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NATURAL PHILOSOPHY. 



THE PROPERTIES OF BODIES. 



A. Body is any substance of which we can ffain a know- 
ledge by our senses. Hence air, water, and eartn, in all their 
modifications, are called bodies. 

There are certain properties which are common to all bo- 
dies. These are called the essential properties of bodies. 
They are Impenetrdbilityj Extension^ Figure, Divisibility^ 
Inertia, and Attraction. 

Impenetrehility, — ^By^impenetrability, it is meant that two 
bodies cannot occupy the same space at the same time, or, 
Ihat the ultimate particles of matter cannot be penetrated. 
Thus, if a vessel be exactly filled with water, and a stone, or 
KQj other substance heavier than water, be dropped into it, a 
quantity of water will overflow, just equal to the size of the 
fieavy body. This shows that the stone only separates or dis- 
places the particles of water; and therefore that the two sub- 
stances cannot exist in the same place at the same time. If a 
glass tube open at the bottom, and closed with the thumb at 
le top, be pressed down into a vessel of water, the liquid will 
not rise up and fill the tube, because the air already in the 
tube resbts it ; but if the thumb be removed, sa that the air 
can pass out, the water will instantly rise as high on the inside 
of the tube as it is on the outside. This shows that the air is 
impenetrable to Uie water. , 

What is a body? Mention sevefal bodies. What are the easential p«>- 
ueities of bodies 7 What is meant by impenetrabUUy ? How is it proved 
\aX air and water are impenetrable 7 
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If a nail be driven into a board, in common language, it is 
said to penetrate the wood, but in the language of philosophy, 
it only separates^ or displaces the particles of the wood. The 
same is the case, if the nail be driven into a piece of lead ; 
the particles of the lead are separated from each other, and 
crowded togethei*, to make room for the harder body, but the 
particles themselves are by no means penetrated by the nail. 

When a piece of ffold is dissolved in an acid, the particles 
of the metal are divided, or sepaitited from each other, and 
diflused in the fluid, but the particles of gold are supposed 
still to be entire, for if the acid be removed, we obtain the gold 
- again in its solid form, just as though its particles had never 
been separated. 

Extension. — Every body, however small, must have length, 
breadth, and thickness, since no substance can exist without 
them. By extension, therefore, is only meant these qualities. 
Extension has no respect to the size, or shape of a body. The 
size and shape of a block of woOd a foot square is quite dif- 
,^ ferent from that of a walking stick. But they both equally 
possess length, breadth, and thickness, since tne stick miglit 
be cut into little blocks, exactly resembling in shape uie 
large one. And these little cubes might again be divided 
until they were only the hundredth part of an inch in diame* 
ter, and still it is obvious, that they would possess length, 
breadth, and thickness, for they could yet be seen, felt, and 
measured. But suppose each of these little blocks to be again 
divided a thousand times, it is true we could not measure them, 
but still they would possess the quality of extension, as really 
as they did before division, the only dinerence being in respect 
to dimensions. 

Figure, or form, is the result of extension, for we canno 
conceive that a body has length and breadth, without its also 
having some kind of figure, however irregular. 

Some solid bodies jiave certain or determinate forms, 
which are produced by nature, and are always the same, 
wherever they are found. Thus a crystal of quartz has six 
sides, while a garnet has twelve sides, these numbers being 

When a nail is driven into a board or piece of lead, are the particles i>. 
these bodies penetrated or separated 1 Are the particles cf j^old dissolved, 
or ^only separated by the acid 7 '^yiiat is meant by extension 1 In how 
many directions do bodies possess extension 1 Of what is figure, or form, 
the result 7 Po all bodies possess figure 1 What solids are regular in tbi^ 
fi>nns1 
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tOTuisble. Some HoHds are bo irrcffular, thai they euinot 
be compared with any matheniadcal figure. This is the csm 
with the fhigments of a broken rock, chips of wood, fractured 
glass, &c. 

Muid bodies have ho dfterminate forms, but take their 
shapes from the vessels in which they happen to be placed. 

Divisibility. — By the divisibility of matter, we mean that 
a body may be divided into parts, and th * may 

again be divided into other perls. 

It is quite obvious, that if we break s p e into 

two parb, these two parts may ogaio be di at the 

process of division may be coDlinued until u'e so 

small as not individually to be seen or felt. body, 

however small, must possess extension and fonti, so we can 
conceive of none so minute but that it mny a^in be divided. 
There is, however, possibly, a limit, b^yonQ which bodies 
cannot be actually divided, for there may be reason to belif;Te 
that the atoms of matter are indivisible by any means in our 
power. But under ivbat circumstances this lakes place, or 
whether it is in the |rower of man during his whole life, to 

Eulverize any substance so finely, that it may not again be 
rokeo, is unknown. 

We can conceive, in some degree, how minute must be the 
particles of matter, Ironvcircumslancea that every day come 
within our knowledge. 

A single grain of musk will stent a room for years, and . 
«till lostt no appreciable part oJHtf weight. Here, the particles 
of musk must be floating in the air ofevory part of the room, 
odienvise they could not be every where perceived, 

Gold is hammered^ tliin, as to take 283,000 leaves to make 
an ineh in thickness. > Ifcre, the particles still adhere to each 
other, notwithstandiilg the gjeat surface which they cover,-^a 
single grain tieing stSicient to extend Over a surface of fifty 
square inches. 

The ultimate particles of matter, however widely they may 
be dilfused, are not individually destroyed, or lost, but under 
certain circumstances, may again be collected into a body 

What bodies are irrpi^Isrl What ia mrant by iJiiiaibiliCy of malletf Is 
thera any Krnit to the tiivifiUilily of matter 7 Aro the atoniB of mailer ili- 
rinUel Wtiat examples are. giyv n of the divisilriliCjr of matlerl Eon 
msDy leaves of gold does it take to make an inch in thicknea 1 How ma- 
il; Kqaua ioches ma; a grain of gold be made lo covnl 
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without change of fomt. Mercury, water, and muty olhw 
. mbitances, may be coDverled into vapor, or distilled in close 
vemels, without any of their particles being lost. In Bucb 
eases, there is no decomposition of the substances, but only a 
change of form by the heat, and hence the mercury and wa- 
ter assume their oriffinal state again on cooling. 

When bodies suffer decomposition or decay, their elemen- 
tary ' i like maoLer, are neither destroyed nor lost, 

but into new arrangements, or combinations with 

oth« 

V e of wood is heated in a close vessel, such aa a 

roto in water, an acid, several kinds of gas, and 

iher a black, porous substance, called charcoal. 

The wood is thus decomposed, or destroyed, and its pafti' 
cles lake a new arrangement, and assume new forms, but 
that nothing is lost is proved by. the fact, that if the water, 
acid, gases, and charcoal be collected and weighed, they will 
be found esactly as heavy as the wood was, oefore distUla- 

Bones, flesh, or any animal aubatince, may in the same 
manner be made to assume new forms, without losing a par- 
ticle of the matter which they originally contained. 

The decay of animal or vegetable bodies in the open air, 
or in the ground, is only a process by which the particles of 
which they were composed, chan^ their places, and assume 
new forms. 

The decay and decomposition of animals and vegetables on 
the surface of the Earih form the soil, which nourishes the 
growth of plants and other vegetables ; and these, in their 
turn, foim the nutriment of animals. Thus is there a per- 
petual change from death to life, and from life to death, and 
01 constant a succession in the forms and places, which the 
particles of matter assume. Nothing is lost, and not a parti- 
cle of matter is struck out of existence. The same matter of 
which every living animal, and every vegetable was formed, 
before and since the flood, is atill in esiatence. As nothing is 
lost or annihilated, so it ia probable that nothing has been 
added, and that w'e, ourselves, are composed of particles of 

Undra what dTcunutancea may tlie paniclea of mailer a|pun be coUeded 
in thMf oiiginal tbrm "i When bodtw aafier decay, aia tlieii partictea loat 1 
What beamoeB of the particlei of bodies which decay 1 la it probable that 
any nutter bu baen minihilntjil^ or added, since tlie fint creaoou 1 
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matter ad old as the creation.- In time, we must» in our turn, 
suSer decomposition, as all forms have done before us, and 
thus resign the matter of which we are composed, to form new 
existc^nces. 

/n^r{2<z.^-Inertia means passiveness or want of power. 
Thus nrntter is, of itself, equally incapable of putting itself in 
motion, or of bringing itself to rest wnen in motion. 

It is plain that a rock on the surface of the earth, never 
changes its position in respect to other things on the earth. 
It has of itself no power to move, and would, therefore, for ever 
lie still, unless moved by some external force. TBis fact is 
proved by the experience of every person, for we see the same 
objects lying in the same positions all om* lives. Now, it is 
just as true, that inert matter has no power to bring itself to 
rest, when once put in motion, as it is, that it cannot put it- 
self in motion, when at rest, for having no life, it is perfectly 
passive, both to motion and rest, and therefore either state de- 
pends entirely upon circumstances. 

Common experience proving that matter does not put itself 
in motion, we mi^ht be led to believe, that rest is the neural 
state of all inert bodies, but a few considerations will show, 
that motion is as much the natural state of matter as rest, and 
that either state depends on the resistanae, or impulse, of ex- 
ternal causes. 

If a cannon ball be rolled upon the ground, it will soon 
cease to move, because the ground is rou^h, and presents im- 
;>ediments to its motion ; but if it be rolled on the ice, its mo- 
tion will continue much longer, because there are fewer im- 
pediments, and consequently, the same force of impulse will 
carry it much farther. ,We see from this, that with the same 
impulse, the distance to which the ball will move must depend 
on the impediments it meets with, or the resistance it has to 
overcome. But suppose that the ball and ice were both so 
smooth as to remove .as much as possible the resistance caused 
by friction, then it is obvious that the ball would continue to 
move loAger, and go to a greater distance. Next suppose we 
avoid the friction of the ice, and throw the ball through the 
air, it would then continue in motion still longer with the same 

What is said of the particles of matter of which'^«i|toe made? What 
ices inertia mean 1 Is rest or motion the natural stated matter? Wh^ 
Joes the ball roll &rther on the ice than on the ground 1 What does thi« 
prove 7 

2 



14 PROPERTIES OF BODIES. 

fbrce of projection, because the air alone, presents less impedi- 
ment than tiie air and ice, and there is now nothing to oppose 
its constant motion, except the resistance of the air, and its own 
weiffht, or gravity. 

If the air be exhausted, or pumped out of a vessel by means 
of an air pump, and a common top, with a small, hard point, 
be set in motion in it, the top will continue to spin for hours, 
because the air does not resist its motion. A pendulum, set 
in motion, m an exhausted vessel, wiU continue to swin^, with- 
out the help of clock work, for a whole day, because mere Ui 
nothing to resist its perpetual motion, but the small friction at 
thepomt where it is suspended. 

We see, then, that it is the resistance of the air, of friction, 
and of gravity, which cause bodies once in motion to cease 
moving, or come to rest, and that dead matter of itself, is 
equally incapable of causing its own motion, or its own 
rest. 

We have perpetual examples of the truth of this doctrine, 
in the moon, and other planets. These vast bodies move 
through spaces which are void of the obstacles of air and fric- 
tion, and their motions are the same that they were thousands 
of years ago, o^r at the beginning of creation. 

Attraction, — ^By attraction is meant that property, or quality 
in the particles of bodies, which make them tend toward each 
other. 

We know that substances are composed of small atoms, or 
particles, of matter, and that it is a collection of these, united 
together, that forms all the objects Vith which we are acquaint- 
ed. Now, when we come to divide, or separate any substance 
into parts, we do not find that its particles have been united, 
or kept together by glue, little nails, or any such mechanical 
means, but that they cling together by some power, not obvi- 
ous to our senses. This power we call attraction, but of its 
nature or cause, we are entirely ignorant. Experiment and 
observation, however, demonstrate, that this power pervades 
all material things, and that under different modifications, it 

Why, with the same force of projection, will a ball move farther through 
the air than on the ke 1 Wh^ will a top spin, or a pendulum swing longer, 
in an exhausted jVi]^ than in the air? What are the causes which re- 
sist the perpetuflPotion of bodies 1 Where have we an example of 
continued motion, without the existence of air and friction 7 What is meant 
by attraction 1 What is known about the cause of attraction 1 Is attraction 
common to all kinds of matter, or not 7 
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not only makes the particles of bodies adhere to each otfaf r* 
but is the cause which keeps the planets in their orbits as they 
pass through the heavens. 

Attraction has received difierent names, according to the 
circumstances under which it acts. 

The force which keeps the particles of matter together, to 
form bo<]ies, or masses, is callea attraction of cohesion. That 
which inclines diiferent masses towards each other, is called 
attraction of gravitation. That which causes liquids to rise 
in tubes, is called capillary attraction. That which forces the 
particles of sub§itances of diiferent kinds to unite, is known 
under the name of chemical attraction. That which causes 
the needle to point constantly towards the poles of the earth 
is magnetic attraction ; and that which is excited by friction 
in certain substances, is known by the name of electrical at' 
traction. 

The following illustrations, it is hoped, will male each kind 
of attraction distinct and obvious to the mind of the student. 

Attraction of cohesion acts only at insensible distances, as 
when the particles of bodies apparently touch each other. 

Take two pieces of lead, of a round form, an inch in diame- 
ter, and two inches long; flatten one end of each, and make 
through it an eye-hole for a string. Make the other ends of 
each as smooth as possible, by cutting them with a sharp 
knife. If now the smooth surfaces be brought together, 
with a slight turning pressure, they will adhere with such 
force that two men can hardly pud them apart by the two 
strings. 

In like manner, two pieces of plate glass, when their surfii- 
ces are cleaned from dust, and they are pressed together, will 
adhere with considerable force. Other smooth substances 
present the same phenomena. 

This kind of attraction is much stronger in some bodies 
than in others. Thus, it is stronger in the metals than in most 
other substances, and in some of the metals it is stronger 
than in others. In general, it is most powerful among Uie 
particles of solid bodies, weaker among those of liquids, and 

^ 

What efTect does tius power have upon the planets 7 Why has attrac- 
Uon received diflerent names 1 How many kinds of attraction are there ? 
How does the attraction of cohesion operated What is meant by attraction 
of gravitation? What by cajnllaiy attraction! What by chemical attno- 
tion 1 What is that whicn makes the needle point towards the pole 1 How 
is electrical attraction exdted 1 Give an example of cohesive attraction. 
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probably entirely wanting among elastic fluids, such as air, and 
the fi^ses. 

Thus, a small iron wire will hold a suspended weight ol 
many pounds, without having its particles separated ; the par« 
tides of water are divided by a very small force, while those 
of air, are still more easily pioved among each other. These 
different properties depend on the force of cohesion with which 
the several particles of these bodies are united. 

When the particles of fluids are left to arrange themselves 
according to tne laws of attraction, the bodies wmch they com- 
pose assume the form of a globe or ball. 

Drops of water thrown on an oiled surface or on wax— glo- 
bules of mercury, — hail stones, — a drop of watrr adhering to 
the end of the finger, — tears running down the cheeks, and 
dew drops on the leaves of plants, are all examples of this law 
of^ttraction. The manufacture of shot is also a striking illus- 
tration. *The lead is melted and poured into a sieve, at the 
height of about two hundred feet from the ground. The 
stream of lead immediately after leaving the sieve, separates 
into round globules, which, before they reach the ffround, are 
cooled and become solid, and thus are formed the snot used by 
sportsmen. 

To account for the globular form in all these cases, we have 
only to consider that the particles of matter are mutually at- 
tracted towards a common centre, and in liquids being free to 
move, they arrange themselves accordingly. 

In all figures except the globe, or ball, some of the particles 
must be nearer the centre than others. But in a body that is 
perfectly round, every part of the outside is exactly at the same 
distance from the centre. 

Fig. 1. Thus the corners of a cube, or square, are 

at much greater distances from the centre, 
than the sides, while the circumference of 
a circle or ball is every where at the same 
distance from it. This difference is shown 
by fig. 1, and it is quite obvious, that ii the 
particles of matter are equalfy attracted to- 
wards the common centre, and are free to 
arrange themselves, no other figure could 




In what substances is cohesive attraction the strongest 7 In what sub- 
stances is it weakest 7 Why are the particles of fluids more easily separated 
than those of soUdsl 
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possibly be formed, since then every part of the outside is 
equally attracted. 

The sun, earth, moon, and indeed all the he^veidy bodies, 
are illustrations of this law, and therefore were probably in so 
soft a state when first formed, as to allow dieir particles freely 
to arrange themselves accordingly. 

Attraction of ffravitaiion, — ^As ihe attraction of cohesion 
unites the partides of matter into masses or bodies, so the 
attraction of gravitation tends to force these masses towards 
each other, to form those of still greater dimensions. The 
term gravitation, does not here strictly refc^r to the weight of 
bodies, but to the attraction of the masses of matter towards 
each other, whether downwards, upwards, or horizontally. 

The attraction of gravitation is mutual, since all bodies not 
only attract other bodies, but are themselves attracted. 

Fig. 2. Two cannon balls, when suspended by long coi^ 

[ so as to hang quite near eacli other, are found to 

exert a mutual attraction, so that neither ti the 

* cords is exactly perpendicular, but they approach 

each other, as in fig. 2. 

In the same manner, the heavenly bodies, 
tirhen they approach each other, are drawn out of 
the line of their paths, or orbits, by mutual at- 
traction. 

The force of attraction increases in proportion 
as bodies approach each other, and by the same 
law it must diminish in proportion as they recede 
from each other. 

Attraction, in technical language, is inversely 
as the squares of the distances between the two 
bodies. That is, in proportion as the square of 
the distance increases, in the same proportion at- 
traction decreases, and so the contitiry. Thus, if at the dis- 
tance of 2 feet, the attraction be equal to 4 pounds, at the 



i 



What form do fltdds take, ^ben their particles are left to their own 
arrangement 7 Give examples. Qf this law. How is the globular form 
wMch liquids assume, accounted for 7 If the particles of a body are free 
to mow, and are equally attracted towards the centre, what must be its 
figure 1 Why must the figure be a globe 7 What^reat natural bodies 
aia examples of this law 7 What is meant by attraction of gravitation 1 
Can cue body attract another without being itself attracted 1 How is it 
l»o?edtiiat bod^ attract each otherl By what law» or rule, doasthaftHB 
of attMriioii loeicaBe ^ 
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distance of 4 feet, it will be only 1 pound ; for the square of 2 is 
4, and the square of 4 is 16, which is 4 times the square of 2. 
On the contrary, if the attraction at^the distance of 6 feet be 3 
pounds, at the distance of 2 feet it will be 9 times as much, or 
27 pounds, because 36, the square of 6, is equal to 9 times 4, 
the square of 2. 

The -intensity of light is found to increase and diminish in 
the same proportion. Thus, if a board a foot square, be placed 
at the distance of one foot from a candle, it will be found to 
hide the light from another board of two feet square, at the 
distance of two fe^t from the candle. Now-a board of two feet 
square is just four times as large as one of one foot square, 
and therefore the light at double the distance being spread 
OTer 4 times the surSice, has only one fourth the intensity. 

Fig. 3. This experiment 

may be easily tried, 
or may be readily 
understood by fig. 
3, where c repre- 
sents the candle, A 
the small board, 
and B the large 
one ; B being four times the size of A* 

The force of the attraction of gravitation, is in proportion 
to the quantity of matter the attracting body contains. 

Some bodies^of the same bulk contain a much greater quan- 
tity of matter than otliers: thus, apiece of lead contains about 
twelve times as much matter as a piece of cork of the same 
dimensions, and therefore a piece of lead of any given size, 
and a piece of cork twelve times as large, will attract each 
other equally. 

' Capillary Attraction, — ^The force by which small tubes, or 
porous substances, raise liquids above their levels, is called 
capillary attraction. 

If a small glass tube be placed in water, the water on the 
inside will be raised above the level of that on the outside ol 




GKve an example of this rule* How is it shown that the intensity ot 
light increases and diminishes in the same proportion as the attraction of 
matter 7 Do bodies attract in proportion to bulk, or quantitjr of matter? 
What would be the difference of attraction between a cubic inch of lead, 
and a cubic inch of cork 7 Why would there be so much difference % 
What is meant by capillary attraction 1 How is this kind of attnM^tion il- 
Hufaratod with a glass tubel 
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ihe tube. The cause of this seems to be nothing more than 
the ordinary attraction of the particles of matter for each other. 
The sides of a small orifice are so near each other, as to at- 
tract the particles of the fluid on their opposite sides, and as 
all attraction is strongest in the direction of the greatest quan- 
tity of matter, the water is raised upwards, or in the direction 
of the length of the tube. On the outside of the tube, the o]>- 
posite surfaces, it is obvious, cannot act on the same column 
of water, and therefore the influence of attraction is here hard- 
ly perceptible in raising the fluid. This seems to be the rea- 
son why the fluid rises iiigher on the inside than on the outside 
of the tube. 

A great variety of porous substances are capable of this kind 
of attraction. If a piece of sponge or a lump of sugar be 
placed, so that its lo\.est comer touches the water, the fluid 
will ri^'c ip and wet the whole mass. In the same manner, 
the ^vio> of a lamp wijl carry up the oil to supply the flame, 
though tlie flame is se\ cral inches above the level of th^ oil. 
If the end of a towel ha^^pens to be left in a basip of water, it 
will empty the. basin of its contents. And on the same princi- 
ple, -when a dry wedge of wood is dtiven into the crevice of a 
rock, and afterwards moistened with water, as when the rain 
falls upon it,^ it will absorb the water, swell, and sometiqseir 
split the rock. In Germany, mill-stone quarries are workelt in 
this manner. 

Chemical attraction, takes place between the particles of ^ 
substances of diflerent kinds, and unites them into one conf- 
pound. 

This species of attraction takes place only between the 
particles of certain substances, and is not, therefore, a univer- 
1^1 property. It is also known under the name of chemical 
affinity, because it is said, that the particles of substances hav- 
ing an affinity between them, will unite, while those having no 
amnity for each other do not readily enter into union. 

There seems, indeed, in this respect, to be very singular pre- 
ferences, and dislikes, existing among the particles of matter. 
Thus, if a piece of marble be thrown into sulphuric acid, 
their particles will unite with great rapidity, and commotion, 

Why does the water rise higher in the tube, than it does on the outside 7 
Give some common illustrations df this principle. What is the effect of 
chemical attraction 1 By what other name is this kind of attraction kqpwn 1 
Wliat effect is produced when marble and sulphuric acid are brought to- 
getherl 
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and there will result a compound differing in all respects from 
the acid or the marble. But if a piece of glass, quartz, gold* 
or silver, be thrown into the acid, no change is produced on 
either, because their particles have no affinity. 

Sulphur and quicksilver, when heated together, will form a 
beautiful red compound, known under the name of vermilioih 
and which has none of the qualities of sulphur or quicksilver. 

Oil and water have no affinity for eacn other, but potash 
has an attraction for both, and therefore oil and water will 
unite when potash is mixed with them. In this manner, the 
well known article called soap is formed. But the potash has 
a stronger attraction for an acid than it has for either the oij 
or the water ; and therefore when soap is mixed with an acid, 
the potash leaves the oil, and unites with the acid, thus de- 
stroying the old compound, and at the same instant forming a 
new one. The same happens when soap is dissolved in any 
water containing an acid, as the water of the sea, and of cer- 
tain wells. The potash forsakes the oil, and unites with the 
acid, thus leaving the oil to rise to the surface of the water. 
Such waters are called hardj and will not wash, because the 
acid renders the potash a neutral substance. 

McLgnetic Attraction, — There is a certain ore of iron, a 
piece of which, being suspended by a thread, will always 
turn one of its sides to the north. This is called the load- 
stone, or natural Magnet, and when it is brought near a piece 
of iron, or steel, a mutual attraction 1;^es place, and under 
certain circumstances, the two bodies will come together and 
adhere to each other. This is called Magnetic Attraction. 
When a piece of steel or iron is rubbed wilh a Magnet, the 
same virtue is communicated to the steel, and it will attract 
other pieces of steel, and if suspended by a strinff, one of its 
ends will constantly point towards the north, whue the other, 
of course, points towards the south. This is called an artificial 
Magnet. The magnetic needle is a piece of steel, first touched 
with the loadstone, and then suspended, so as to turn easily 

What is the effect when glass and this acid are brought together 7 
What is the reason of this difference'? How may oil and water be made 
to unite 1 What is the composition thus formed called ? How dma an add 
i?I this compound 1 What is the reason that hard water will not 
a • What is a natural magnet 1 What is meant by magnetic attne* 
«tt1 Whatisanaitifidalffli^etl What is a magnetic nsedle? 
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on a point. By means of this instrun^ent, the mariner guidcft 
his ship through the pathless ocean. See Magnetism. 

Electrical Attraction, — When a piece of glass, or sealing 
wax, is rubbed with the dry hand, or a piece of cloth, and then 
held towards any light substance, such as hair, or thread, the 
light body will be attracted by it, and will adhere for a mo- 
ment to the glass or wax. The influence which thus moves 
the light body is called Electrical Attraction. When the light 
body has adhered to the surface of the glass for a moment, it is 
a^in thrown ofl^, or repelled, and this is called Electrical Re- 
pulsion. See Electricity. 

We have thus described and illustrated all the imiversal or 
inherent properties of bodies, and have also noticed the seve- 
ral kinds of attraction which are peculiar, namely, Chemical, 
Magnetic, and Electrical. There are still several properties 
to he mentioned. Some of them belong to certain bodies in a 
peculiar degree, while other bodies possess them but slightly. 
Others belong exclusively to certain substances, and not at ali 
to others. TPhese properties are as follows, v- 
X Density. — ^This property relates to the compactness of bo- 
dies, or tne number of particles which a body contains within 
a given bulk. It is closeness of texture. Bodies which are 
most dense, are those which contain the least number of pores. 
Hence the density of the metals is much greater than the 
density of wood. Two bodies being of equal bulk, that which 
weighs most, is most dense. Some of the metals may 
have this quality increased by hammering, by which their 
pores are filled up and their particles are Drought nearer to 
each other. The densjjty of air is increased by forcing more 
into a close vessel than it naturally contained. 

Rarity. — This is the quality opposite to density, and means 
that the substance to which it is applied is porous, and light 
Thus air, water, afid ether, are rare substances, while gold, 
lead, and platina, are dense bodies. 

Hardness. — ^This property is not in proportion, as might 
be expected, to the density of the substance, but to the force 
with which the particles of a body cohere, or keep their 



What is Us use 1 What is meant by electrical attraction 1 What U 
electriceJ repulsion 7 What is density? Wliat bodies are most dense 1 
How may this qujJi^ be increased in the metals 1 What is rarity 1— 
What are rare bodies 1 What are dense bodies 1 How does hardness dif- 
fer from density 1 
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places. Glass, for instance, will scratch gold or pktina, though 
these metals are much more dense than glass. It is probable, 
therefore, that these metals contain the greatest number of par- 
ticles, but that those of the glass are more firmly fixed in their 
places. 

Some of the metals can be mad3 hard or soil at pleasure. 
Thus steel when heated, and then suddenly cooled, becomes 
harder than glass, while if allowed to cool slowly, it is soA 
and flexible. 

Elasticity is that property in bodies by which, after being 
forcibly compressed or bent, they regain their original state 
when the force is removed. 

Some substances are highly elastic, while others want this 
property entirely. The separation of two bodies after impact, 
or striking togeUier, is a proof that one or both are elastic. 
In general, most hard and dense bodies, possess this quality 
in greater or less degree. Ivory, dass, marble, flint, and ice, 
are elastic solids. An ivory ball, dropped upon a marble slab, 
will bound nearly to the height from which it fell, and no 
mark will be left on either. India rubber is exceedingly elas- 
tic, and on being thrown forcibly against a hard body, will 
bound to an amazing distance. 

Putty, dough, and wet clay, are examples of the entire want 
of elasticity, and if either of these be thrown against an impe- 
diment, they will be flattened, stick to the place they touch, 
and never, like elastic bodies, regain their former shapes. 

Among fluids, water, oil, and in general all such substances 
as are denominated liquids, are nearly inelastic, while air and 
the gaseous fluids, are the most elastic of all bodies. 

Brittleness is the property which renders substances easily 
broken, or separated into irregular fragments. This property 
belongs chiefly to hard bodies. 

It dioes not appear that brittleness is entirely opposed to 
elasticity, since in many substances, both these properties are 
united. Glass is the standard, or type of brittleness, and yet 



Why will glass scratch gold or platina? What metal can be made hard 
OTBoft at pleasure 7 What is meant by elasticity 1 How is it known that 
bodies possess this property? Mention several elastic solids. Give exam- 
ples of inelastic sohds. Do liquids possess this property 1 What arc the 
znost ^tic of all substances 1 What is brittleness 1 Aie brittleneM and 
elasticity ever fi>imd in the same substancel Give examftea* 
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a ball, or fine threads of this substance are highly elastic, as 
may be seen by the bounding of the one, ana the springing 
of the other, firittleness often results from the treatment to 
which substances are submitted. Iron, steel, brass, and cop- 
per, become brittle when heated and suddenly cooled, but if 
cooled slowly, they are not easily broken. 

MaUeaJnhty. — ^Capability of being drawn under the ham- 
mer, or rolling press. This property belongs to some of the 
metals, but not to all, and is of vast importance to the arts 
and conyeniences of life. 

The MaUeable metals are, gold, silver, iron, copper, and 
some others. Antimony; bismuth, and cobalt, are brittle me- 
tals. BritUeness is therefore the opposite of malleability. 

Gold is the most malleable of all substances. It may be 
drawn under the hammer so thin that light may be seen 
through it. Copper and silver are also exceedingly malle- 
able. 

^ Ductility^ is that property in substances which renders them 
susceptible of being drawn into wire. 

We should expect that the most malleable metals would also 
be the most ductile ; but ^experiment proves that this is not the 
case. Thus, tin and lead may be drawn into thin leaves, but. 
cannot be drawn into small wire. Gold is the most malleable 
of all the metals, but platina is the most ductile. Dr. Wollas- 
ton drew platina into threads not much larger than a spider's 
web. 

Tenacity y in common language called tauffhnesSj refers to 
the force of cohesion among the particles of bodies. Tena- 
cious bodies are not easily pulled apart There is a remark- 
able difference in the tenacity of different substances. Some 
possess this property in a surprising degree, while others are 
torn asunder by the smallest forc^. 

Among the malleable metals, iron and steel are the moBt 
tenacious, while lead is the least so. Steel is by far the most 
tenacious of all known substances. A wire of this metal 
no larger than the hundredth part of an inch in diameter 
sustained a weight of 134 pounds, while a wire of platina of 

How are iron, steel, and brassy made brittle 1 What does malleabilitv 
mean 7 What metals are malleable, and what ones are brittle 1 Which 
is the most malleable metal 1 What is meant by ductility 1 A" the most 
malleable metals, the most ductile 1 What is meant by tenacity^ Flom 
what does this property arise 1 What metals are most tenacjons 1 
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the same size, would sustain a weight of only 16 pounds, and 
one of lead only 2 pounds. Steel wire will sustain 39,00C 
feet of its own length without breaking. 

Recapitulation. — The common, or essential properties oi 
bodies are, Impenetrability, Extension, Figure, Divisibility 
Inertia, and Attraction. ' Attraction is of several kinds, name 
ly. Attraction of cohesion. Attraction of gravitation, Capillary 
attraction. Chemical attraction. Magnetic attraction, and Elec- 
trical attraction. - 

The peculiar properties of bodies are. Density, Rarity, Hard- 
ness, Elasticity, Brittleness, Malleability, Ductility, and Tena- 
city. / 

Force of Gravity, 

The force by which bodies are drawn towards each othei 
in the mass, and by which they descend towards the earth 
when suspended or let fall from a height, is called the force 
of gravity. 

The attraction which the earth exerts on all bodies near its 
surface, is called terrestrial gravity, and the force with which 
any substance is drawn downwards, is called its weight. 

All falling bodies tend downwards towards the centre of the 
earth, in a straight line from the point where they are let fall. 
If then a body be let fall in any part of the world, the line of 
its direction will be perpendicular to the earth's surface. It 
follows, therefore, that two falling bodies, on opposite parts 
of the earth, mutually fall towards each other. 

Suppose a cannon ball to be disengaged from a height op- 
posite to us, on the other side of the earth, its motion in re- 
spect to us, would be upward, while the downward motion 
from where we stand, would be upward in respect to tliose 
who stand opposite to us, on the other side of the earth. 

In like manner, if the falling body be a quarter, instead of 
half the distance round the earth from us, its line of direction 
would be directly across, or at right angles with the line al- 
ready supposed. ^ 

What proportion does the tenacity of steel bear to that of platina and 
lead 7 What are the essential properties of bodies 7 How many kinds of 
attraction are there 7 What are the peculiarproperties of bodies 7 What 
is gravity 7 What is terrestrial gravity 7 To what point in the earth do 
falling bodies tend 7 In what direction will two falling bodies from opposite 
parts of the earth tend, in respect to each other 7 In what directj^on will 
one from half way between them meet their line 7 
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This will be readily under- 
stood by fig. 4, wnere the 
circle is supposed to be the 
circumference of the earth, 
a, the ball falling towards its 
upper surface, where we 
stand; b, a ball falling to- 
wards the opposite side of the 
1^ earth, but ascending in re- 
spect to us, and d, a oall de- 
scending at the distance of a 
Suarter of the circle, from 
le other two, and crossing 
the line of their direction at 
right angles. ^ 

It ^vill be obvious, there- 
fore, that what we call up and 

down are merely relative terms, and that what is down in re- 
spect to us, is' up in respect tii those who live on the opposite 
side of the earui, and so the contrary. Consequently dovmj 
every where means towards the centre of the earth, and up 
from the centre of the earth; because all bodies descend 
towards the earth's centre, from whatever part they are let 
fall. This will be apparent when we consider, that as the earth 
turns over every 24 hours, we are carried with it through 
the points a, J, and b, fig. 4 ; and therefore, if a ball is sup- 
posed to fall from the point a, say at 12 o'clock and the same 
ball to fall again firom the same point above the earth, at 6 
o'clock, the two lines of direction will be at right angles, as re- 
presented in the figure, for that part of the earth which was 
under a at 12 o'clock, will be under d at 6 o'clock, the earth 
having in that time performed one quarter of its daily revolu- 
tion. At 12 o'clock at night, if the ball be supposed to fall 
again, its line of direction will be at right angles with that of 
its last descent, and consequently it will ascend in respect to the 
point on which it fell 12 hours before, because the earth would 



How is this shown hy the figure 1 Are the terms up and dottn relative, 
or positive, in their meaning 7 What is understood by doten in any part 
of the earth 1 Suppose a ball be let fall at 12 and then at 6 o'clock, in what 
direction would the lines of their descent meet each other 1 Sim^ose two 
balls to descend from opposite sides of the earth, what would be thor direc- 
tion in respect to each other 1 

3 
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hare then ffone through one half her daily rotation, and the 
point a woi^d he at 6. 

The velocity or rapidity of every falling hody, is uniformly 
accelerated, or increased in its approach towards the earth» 
from whatever height it falls. 

If a rock is rolled from a steep mountain, its motion is at 
first slow and gentle, hut as it proceeds downward, it moves 
with perpetually increased velocity, seeming to gather fresh 
speed every moment, until its force is such that every obstacle 
is overcome ; trees and rocks are beat from its path, and its 
motion does not cease until it has rolled to a great distance on 
the plain. 

Tne same principle of increased velocity as bodies descend 
from a height, is curiously illustrated by pouring molasses or 
thick syrup from an elevation to the ground. The bulky 
stream, of perhaps two inches in diameter, where it leaves the 
vessel, as it descends, is reduced to the size of a straw, or 
knitting needle ; but what it wants in bulk is made up in ve- 
locity, for the small stream at the ground, will fill a vessel 
just as soon as the large one at the outlet. 

F6r the same reason, a man may leap from a chair without 
danger, but if he jumps from the house top, his velocity be- 
comes so much increased, before he reaches the ground, as to 
endanger his life by the blow. 

It is found by experiment, that the motion of a falling body 
is increased, or accelerated in regular mathematical propor- 
tions. 

These increased proportions do not depend on the increased 
weight of the bodv, because it approaches nearer the centre of 
the earth, but on the constant operation of the force of gravity, 
which perpetually gives new impulses to the falling body, and 
increases its velocity. 

It has been ascertained by experiment, that a body, falling 
freely, and without resistance, passes through a space of 16 
feet and 1 inch during the first second of time. Leaving out 
the inch, which is not necessary for our present purpose, the 
tatio of descent is as follows. 

Suppose the body falls through a space equal to 16 feet the 

What ialud concerning the motions of falling bodies 1 How b this in- 
aceaaed velocity illustrated ? Why is there any more danger in jumraig 
fiom the house top than fiom a <£air ? What number of fi»t does a faUiiig 
body pan thxoogh during the first secondl 
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first second of time ; at the end of this space and time, it will 
have acquired such a degree of celerity as is sufficient to carry 
it through twice this space during the next second, though it 
shoi:dd then receive no new impmse from the cause by whidi 
its motion had been accelerated ; but if the same accelerating 
cause continue, it will carnr the body 16 feet further; on 
which account, it will have mllen in all four times 16 feet, or 
64 feet at the end of the second second ; and then it willhaye 
acquired such a degree of celerity as i^ sufficient to carry it 
through a double space in as much more time ; that is 4 times 
16 feet in one second more, even though the force of gravity 
or the accelerating force should cease to act But this force 
still continuing to act in a uniform manner, it will again in 
equal time produce an equal effect, and will therefore add 16 
feet to the velocity already acquired, at the end of the second 
second, which being 64 feet, it will fall 80 feet, or five times 
as far the third second, as it did the first In three seconds, 
the velocity acquired will be 3 times that, acquired at the end 
of the first second, which being twice 16 feet, is equal to -6 
times 16 feet, to which, a^in, is to be added the accelerating 
force 16 feet, making 7 times 16 feet for the space passed 
through during the fourth second. 

Hence^we learn that if a body moves at the rate of 16 feet 
during the first second, it will move 48 feet during the next 
second, making in all 64 feet at the end of the second second, 
5 times 16 during the third, or 80 feet, and 7 times 16, or 112 
feet, in the 4th second, and so on in this proportion. 

Thus it appears, that to ascertain the velocity with which a 
body falls in any given time, we must know how many feet it 
fell during the first second. The velocity acquired in one 
second, and the space fallen through during that time, being 
the fundamental elements of the whole calcmation, and all that 
are necessary for the computation of the various circumstances 
of falling bodies. 

The difficulty of calculating exactly the velocity of a fidling 
body from an actual measurement of its height, and the time 



How ikr doM it fall during the next second ? How &r darinff the third t 
Suppose the accelerating force should cease at the bepnning of the third se- 
cond ; how far would it fall during that second 1 Why does it fidl more 
than this during that second? How many times 16 ftet does a body more 
in the 4th second 1 What axe the ftmdamental elements bj wmoh tfas 
felodtyof a fidlingbody may be oomputedl 
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it takes to reach the ground, is so great, that no aecv 
imtecompntation could be made from such an experinient. 

difficulty has, however, been overcome bv a curious 

of machinery, invented for this purpose by Mr. Atwood. 

Fig. 5. This machine consists of two 

upright posts of wood, fig. 5 with 
cross pieces, as shown in the fig 
dre. The weights A and B, an- 
of the same size, and made to ba- 
lance each other very exactly, 
and are connected by the thread 
which passes over the wheel C 
JF is a ring through which the 
weight A passes, and G is a stag^e 
on which the weight rests in its 
descent The ring and stage 
both slide up and down, and are 
fixed at pleasure by thumb 
screws. The post H^ is a 
graduated scale, and the pendu- 
lum K, is kept in motion by clock- 
work. L, is a small bar of me- 
tal, weighing a quarter of an 
ounce, 8nd longer than the di- 
ameter of the ring F, 

When the machine is to be 
used, the weight A is drawn up to 
the top of the scale, and the ring 
and stage are placed a certain 
number of inches from each other. ♦ 
The small bar L, is then placed 
across the weight A, by means oi 
_^____ which it is made slowly to de« 

scend. When it has descended to the ring, the small weight 
L, is taken off by the ring, and thus the two weights are lefl equal 
to each 'other. Now it must be observed, that the motion, 
and descent of the weight A is entirely owing to the gravi- 
tating force of the weight L, until it arrives at the ring Fj 
when the action of gravity is suspended, and the large weight 




Is the Telocity of a falling bodj calculated from actual measurement, or by 
a machine? Describe the operation of Mr. Atwood's machine for estima* 
ting the veloeities of falling bodies. 
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eotttthttes to move downwards la the itage. In oomequence of 
the Telocity it had acquired previously to that time. 

To Gomprehoid tl^ accuracy of this machine, it moft b^ 
understood that the yelocities of gravitating bodies are mq^- 
posed to be equal, whether they are large or small, this beiag 
die case when no calculation is made for the resistance of the 
air. Conseqoently, the weight of a quarter of an ounce placed* 
on the large weight A^ is a representative of all other solid 
descendmg bodies. The slowness of its descent, when com- 
pared with freely gravitating bodies, is only a convenience by 
which its motion can be accurately measured, for it is the ti^ 
crease of velocity which the machine is designed to ascertein 
ai^ not the actual velocity of filing bodies. 

Now it will be readily comprehended, that in this respect, 
it makes no difference how slowly a body, falls, provided U 
follows the same laws as other descending bodies^ and it has 
already been stated, that all estimates on this subject are made 
from the known distance a body descends during the first se- 
cond of time. 

It follows, therefore, that if it can be ascertained, exactly 
how much faster a body falls during the third, foiurth, or fiim 
second, than it did during the nrst second, by knowing 
how far it fell during the first second, we shoula be able to 
estimate the distance it would fall during all succeeding 
seconds. 

If^ then, by means of a pendulum beating seconds, tfie 
weight A should be found to descend a certain number of 
inches during the first second, and another certain number 
during the next second, and so on, the ratio of increased de- 
scent woidd be precisely ascertained, and could be easily ap- 
plied to the falling of other bodies ; and this is the use to which 
this instrument is applied. 

By this machine, it can also be ascertamed, how much the 
actual velocity of a falling body depends on the force of gravi- 
ty, and how much on acquired velocity, for the force of ^vity 
g^ves motion to the descending weight only until it amves at 



After the sidaII wdght is taken off b^ the ring why doee the large weu^t 
Kmtmiie to deecend % Doee this machine show the actaal velodtr of a mil- 
log body, or only its incieaflel How doee Mr. Atwood^e maclime ihdvr 
hmr much the eelenty o£ a body depends «ppn giwnty, and hoit nmeh on 
aeqaived velocity 1 
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the ring, after which the motion is continued by the Telocity 
it had before acquired. 

From experiments accurately made with this machine, it has 
been fully estabUshed, that if Ihe time of a falling body be di- 
vided into equal parts, say into seconds, the spaces through 
which it falls in each second, taken separately, will be as ihe 
* odd numbers, 1, 3, 5, 7, 9, and so on, as already stated. To 
make this plain, suppose the times occupied by the falling body 
to be 1, 2, 3, and 4 seconds ; then the spaces fallen through 
will be as the squares of these seconds, or times, viz. 1, 4, 9, 
and 16, the square of 1 being 1, the square of 2 being 4, the 
square of 3, 9, and so on. The distance fallen through, there- 
fore, during the second second, may be found, by taking 1, 
the distance corresponding to one second, from 4, tne distance 
corresponding to- 2 seconds, and is therefore 3. For the 3d 
second, take 4 from 9, and therefore the distance will be 5. 
For the fourth second, take 9 from 16, and the distance will 
be 7, and so on. During the first second, then, the body falls 
a certain distance, during the next second, it falls three times 
that distance, during the third, five times that distance, during 
the fourth, seven times that distance, and so continually in that 
proportion. 

It will be readily conceived, that solid bodies falling from 
great heights, must ultimately acquire an amazing velocity 
by this proportion of increase. An ounce ball of lead, let 
fall from a certain height towards the earth, would thus 
acquire a force ten or twenty times as great as when shot 
out of a rifie. By actual calculation, it has been found that 
were the moon to lose her projectile force, which counter- 
balances the earth's attraction, she would fall to the efirth 
in four days and twenty hours, a distance of 240,000 miles. 
And were the earth's projectile force destroyed, it would fell 
to the sun in sixty-four days and ten hours, a distance, of 
95,000,000 of miles. 

Every one knows by his own experience the different 



Sappose the times of a &lling body are as the numbers 1, 2, 3, 4, what 
will be the numbers representing the'spaces through which it fails 7 Suppose 
a body faUs 16 feet the first second, how far will it fall the third second 1 
Womd it be possible for a rifie ball to acquire agreiater force by fidling, than 
if shot from a rifle 1 How long would it take the Moon to come to the 
earth according to the law of increased yelodty 7 How long would it take 
the earth to ftll to the suni 
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efleets of the same body fallitig from a mat or a small 
heiffht. A boy will toss up his leaden bullet and catch it 
witn his hand, but he soon learns, by its painful effects, not to 
throw it too high. The effects of hail-stones on window 
glass, animals, and veffetation, are often surprising, and 
sometimes calamitous illustrations of the velocity of falling 
bodies. 

It has been already stated that the velocities of solid bodies 
faUing from a given height, towards the earth, are equal, or in 
other words, that an ounce ball of lead will descend in the 
same time as a pound ball of lead. 

, This is true in theory, but there is a slight difference in 
this respect in favor of the velocity of the larger body, owing 
to the resistance of the atmosphere. We, however, shall at 
present consider all solids of whatever size, as descending 
through the same spaces in the same times, this being exactly 
true when they pass^without resistance. 

To comprehend the reason of this we have only to con- 
sider, that the attraction of gravitation in acting on a mass 
of matter acts on every particle it contains ; and thus every 
particle is drawn down equally and with the same force. The 
effect of gravity, therefore, is in exact proportion to the quan- 
tity of matter the mass contains, and not in proportion to its 
bulk. A ball of lead of a foot in diameter, and one of wood 
of the same diameter, are obviously of the same bulk ; but the 
lead will contain twelve particles of matter where the wood 
contains one, and consequently will be attracted with twelve 
times the force, and therefore will weigh twelve times as 
much. 

If then, bodies attract each other in proportion to the quan- 
tities of matter they contain, it follows that if the mass of the 
earth were doubled, the weights of all bodies on its surface 
would also be doubled ; ana if its quantity of matter were 
tripled, all bodies would weigh three times as much as they 
do at present. 

It follows also, that two attracting bodies, when free to 
move, must approach each other mutually. If the two bodies 

What familiar illustrations are siven of the force acquired by the veloci- 
ty of fitlling bodies') Will a smaS and a large body M through the same 
space in the same time 1 On what parts of a mass of matter does the force 
of gravity acti Is the efiect of gravity in proportion to bulk, or quantity o! 
matter? Were the mass of the earth doubled, how much more should we 
wn^ than we do now 1 
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eontain like quantities of matter, their approach will he equal 
\j rapid, ancl they will move equal distances towards each 
other. But if the one be small and the other large, the small 
one will approach the other with a rapidity proportioned to the 
less quantity of matter it contains. 

It is easy to conceive, that if a man in one boat pulls at a 
rope attached to another boat, the two boats, if of the sabie 
size, win move towards each other at the same rate ; but if the 
one be lar^e and the other small, the rapidity with which each 
moves will be in proportion to its size, the large one moving 
with as much less velocity as its size is greater. 

A man in a boat pulling a rope attached to a ship, seems 
only to move the boat, but that he really moves the ship is cer- 
tain, when it is considered, that a thousand boats pulling in the 
same manner would make the ship meet them half way. 

It appears, therefore, that an equal force acting on bodies 
containing different quantities of matter, move them with dif- 
ferent velocities, and that these velocities are in an inverse pro- 
portion to their quantities of matter. 

In respect to equal forces^ it is obvious that in the cane of 
the ship and single boat, they were moved towards each other 
by the same force, that is, the force of a man pulling by a rope. 
The same principle holds in respect to attraction, for all bodieiT 
attract each other equally, according to the quantities of mat- 
ter they contain, and since all attraction is mutual, no body 
attracts another with a greater force than that by which it is 
attracted. 

Suppose a body to be placed at a distance from the earth 
weighing two hundred pounds ; the earth would then attract 
the body with a force equal to two hundred pounds, and the 
body would attract the earth witli an equal force, otherwise 
their attraction would not be equal and mutual; Another body 
weighing 10 pounds, would be attracted with a force equal 
to 10 pounds, and so of all bodies according to the quantity of 

Snppooe one body moving towards another, three limes as large, by the 
fiiroe of grayity, what would be their proportional velocities 1 How is this 
iUufitrat^ 7 Does a large body attract a small one with any more force than 
it is attracted 1 Suppose a body weighing 200 pounds to be placed at a dis- 
tance firam the eartl^ with how much force does the earth attract the body 7 
With what force does the body attract the eazthi 
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mfttter they contain ; each body being attracted by the earth 
with a force equal to its own weight, and attracting the earth 
with an equal force. 

If the man in the boat pulled the rope with the force of 100 
pounds, it is plain that the force on each vessel would be 50 
pounds ; for suppose each end of the rope to be thrown over 
a pulley, and a weight of 50 pounds attached to these ends, it 
would take just 100 pounds in the middle of the rope to balance 
them. 

It is inferred from these principles, that all attracting bodies 
which are free to move, mutually approach each other, and 
therefore that the earth moves towards every* body which is 
raised from its surface, with a velocity and to a distance pro- 
portional to the quantity of matter thus elevated from its sur- 
face. But the velocity of the earth being as many times less 
than that of the falling body as its mass is greater, it follows 
that its moti<m is not perceptible to us. 

The following calculation will show what an immense mass 
of matter it would take, to disturb the earth's gravity in a per- 
ceptible manner. 

If a ball of earth equal in diameter to the tenth part of a mile, 
were placed at the distance of the tenth part of a mile from the 
earth's surface, the attracting powers of the two bodies would 
be in the ratio of about 512 millions of millions to one. For 
the earth's diameter being about 8000 miles, the two bodies 
would bear to each other about this proportion. Consequent- 
ly if the tenth part of a mile were divided into 512 million of 
millions of equal parts, one of these parts would be nearly the 
space through which the earth would move towards the f&Ui^ 
body. Now in the tenth part of a mile there are about 6400 
inches, consequently this number must be divided into 512 mil- 
lions of millions of parts, which would give the eighty thou- 
sand millionth part of an inch through which the earth would 
move to meet a body of the tenth part of a mile in diameter. 



Suppose a man in one boat, pulls with the force of 100 pounds at a roi)e 
listened to another boat, what would be the force on each boat 1 How is 
this aiostrated? Suppose the body falls towards the earth, is the earth set 
in motion by its attraction 1 Why is not the earth's motion towards it 
perceptible 7 What distance would a body, the tenth part of a mile in 
diameter, placed at the distance of a tenth part of a mile, attract the earth to- 
wards it 1 
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Ascent of Bodies, 

Having now explained and illustrated the influence of 
grayity on bodies moving downward and horizontally, it 
remains to show how matter is influenced by the same power 
when bodies are moved upward, or contrary to the force of 
gravity. 

What has been stated in respect to the velocity of falling 
Fig. 6. bodies is exactly reversed in respect to tho^e which are 
thrown upwards, for as the motion of a falling body 
is increased by the action of gravity, so is it retarded 
by the same force, when thrown upwards. 

A bullet shot upwards, every instant loses a part of 
its velocity, until having arrived at the highest point 
from whence it was thrown, it then returns again to the 
earth. 

The same law that governs a descending body, 
governs an ascending one, only that their motions are 
reversed. 

The same ratio is observed to whatever distance the 
ball is propelled, or as the height to which it is thrown 
may be estimated from the space it passes through dur- 
ing the first second, so its returning velocity is in a like 
ratio to the height to which it was sent. 

This will be understood by ^g, 6. Suppose a ball 
to be propelled from the point a, with a force which 
would carry it to the point b in the first second, to c in 
the next, and to d in the third second. It would then 
remain nearly stationary for an instant, and in return- 
ing, would pass through exactly the same spaces in the 
same times, only that its direction would be reversed. 
Thus it will fall from d to c, in tlie first second, to h in 
the next, and to a in the third. 

Now the force of a moving body is as its velocity and 
its quantity of matter, and hence the same ball will fall 
with exactly the same force that it rises. For instance, 
a ball shot out of a rifle, with a force sufficient to over- 
come a certain impediment, on returning, would again 
overcome the same impediment. 
flt 

"W^t effect does the force of gravity have on bodies movinff upwaxd ? Are 
upward and downward motion governed by the same lavirs f Explain fig. 
6. What is the difference between the upward and returning velocity of t£s 
same body 1 



PALLING BODIEfiK 

Fall of Light Bodies. 

It has been stated that the earth's attraction acts equally 
on all bodies, containing equal quantities of matter, and that 
in vacuo, all bodies, whether large or small, descend from the 
same heights in the same times. 

There is, however, a great difference in the quantities of 
matter which bodies of the same bulk contain, and conse- 
quently a difference, in the resistance which they meet with 
in passing through the air. 

Now, the fall of a body containing a large quantity of matter 
in a small bulk, meets -with little comparative resistance, while 
the fall of another, containing the same quantity of matter, 
but of larger size, meets with more in comparison, for it iff 
easy to see that two bodies of the same size meet with ex- 
actnr the same actual resistance. Thus, if we let fall a ball 
of- lead, and another of cork, of two inches in diameter each, 
the lead will reach the ground before the cork, because, though 
meeting with the same resistance, the lead has the greatest 
power of overcoming it. 

This, however, does not afiect the truth of the general law 
already established, that the weights of bodies are as the 
quantities of matter they contain. It only shows that the 
pressure of the atmosphere prevents bulky and porous sub- 
stances from felling with the same velocity with such as are 
compact or dense.' 

Were the atmosphere removed, all bodies, whether light oi 
heavy, large or small, would descend with the same velocity. 
'Diis fact has been ascertained by experiment in the following 
manner: 

The air pump is an instrument, by means of which the 
air can be pumped out of a close vessel, as will be seen under 
the article Pneumatics, leaking this for granted at present, 
the experiment is made in the following manner : 



Why will not a sack of feathers and a stone of the same size fall through 
the air in the same time 1 Does this affect the truth of the general law tluit 
the weights of bodies are as their quantities of matter 1 What would be 
the effect on the &I1 of light and oea^ bodies^ were the atmosphsre lo- 
moved? 




k 



B 



MOTION. 

On the plate of the air pump A^ place the 
tall jar £, which is open at the bottom, and 
has a brass cover fitted closely to the top. 
Through the cover let a wire pass, air tight, 
having a small cross at the lower end. On 
each side of this cross, place a little stage, 
and 30 contrive them that by turning me 
wire by the handle C, these stages shall be 
upset. On one of the stages place a guinea 
or any other heavy body, anci on the other 
place a feather. When this is arranged, let 
the air be exhausted from the jar by the 
pump, and then turn the handle C, so that the 
guinea and feather may fall from their 
places, and it will be found that they will 
both strike the plate at the same instant. 
Thus is it demonstrated, that were it not for 
the resistance of the atmosphere, a bag of 
feathers and one of guineas would fall from 
a given height with me same velocity and in 
the same time. 



Motion* 

Motion may be defined, a continued change of place with 
regard to a fixed point. 

Without motion there would be no rising or setting of the 
sun — no change of seasons — no fall of ram — no building of 
houses, and finally no animal life. Nothing can be done with- 
out motion, and therefore without it, the whole universe would 
be at rest and dead. 

In the language of philosophy, the power which puts a body 
in motion, is c^ned force. Thus it is the force of gravity that 
overcomes the inertia of bodies, and draws them towards the 
earth. The force of water and steam gives motion to machi-. 
nery, &c. 

For the sake of convenience,' and accuracy in the applica- 
tion of terms, motion is divided into two kinds, viz. aosolvie 
and relative. 

How is it proved that a feather and a guinea will fiUl through equal 
spaces in the same time, where there is no resistance? How wiU you de- 
fine motion? What would he the consequencfi, were all motion to cease 1 
What is that power called which puts a body in motion? How b motion 
divided? 
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Absolute motion is a change of place with regard to a fixed 
pointy and is estimated without reference to the motion of any 
oilier body. When a man rides along the street, or when a 
vessel sails through the water, they are both in absolute 
motion. 

Relative motion, is a change of place in a body, with respect 
to another body, also in motion, and is estimated from that 
other body, exactly as absolute motion is, from a fixed point. 

The absolute velocity of the earth in its orbit from west to 
east, is 68,000 miles in an hour ; that of Mars, in the same di- 
rection, is 55,000 miles per hour. The earth's relative velocity 
in this case, is 13,000 miles per hour from west to east. That 
of Mars comparatively, is 13,000 miles from east to west, be- 
cause the earth leaves Mars that distance behind her, as she 
would leave a fixed point. 

Rest, in the common meaning of the term, is the opposite of 
motion, but it ^s obvious, that rest is often a relative term, since 
an object may be perfectly at rest with respect to some things, 
and in rapid motion in respect to others. Thus a man sitting 
on the deck of a steam-boat, may move at the rate of fifteen 
miles an hour, with respect to the land, and still be at rest 
with respect to the boat. And so, if another man was running 
on the deck of the same boat at the rate of fifteen miles the 
hour in a contrary direction, he would be stationary in respect 
to a fixed point, and still be running with all his might, with 
respect to the boat. 

Velocity of Motion, » 

Velocity is the rate of motion at which a body moves from 
one place to another. 

Velocity is independent of the weight or magnitude of the 
moving body. Thus a cannon ball and a musket ball, both 
fiying at the rate of a thousand feet in a second, have the same 
velocities. 

Velocity is said to be uniform, when the moving body pass- 
es over equal spaces in equal times. If a steam-boat moves at 
the rate of 10 miles every hour, her velocity is uniform. The 
revolution of the earth fi*om west to east is a perpetual exam- 
ple of uniform motion. 



What is absolute motion? What is relative motion 1 What is the 
earth's relative velocity in respect to Mars? In what respect is a man in a 
steam-boat at rest, and in what respect does he move ? What is velocity ? 
When is velocity uniform? 
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Velocity is accelerated, when the rate of motion is constant- 
ly increased, and the moving hody passes through unequal 
spaces in equal times. Thus, when a falling hody moves six- 
teen feet during the first second, and forty-eight feet during 
the next second, and so on, its velocity is accelerated. A hody 
falling from a height freely through the air, is the moat perfect 
example of this kmd of velocity. 

Retarded velocity, is when the rate of motion of the hody is 
constantly decreased, and it is made to move slower and slow- 
er. A hall thrown upwards into the air, has its velocity con- 
stantly retarded hy the attraction of gravitation, and conse- 
quently, it moves slower every moment. 

Force, or Momentum of Moving Bodies, 

The velocities of bodies are equal, when they pass over 
equal spaces in the same time ; but the force with which bo- 
dies, moving at the same rate, overcome impediments, is in 
proportion to the quantity of matter they contain. This pow- 
er, or force, is called the momentum of the moving body. 

Thus, if two bodies of the same weight move with the same 
velocity, their momenta will be equal. 

Two vessels, each of a hundred tons, sailing at the rate of 
six miles an hour, wquld overcome the same impediments, or 
be stopped by the same obstructions. Their momenta 'would 
therefore be me same. 

The force, or momentum of a moving body, is in proportion 
to its quantity of matter, and its velocity. 

A large body moving slowly, may haveless momentum than 
a small one moving rapidly. Thus, a bullet, shot out of a gun, 
moves with much greater force than a stone thrown by the 
hand. The momentum of a body is found by multiplying its 
quantity of matter by its velocity. 

Thus, if the velocity be 2, and the weight 2, the momentum 
will be 4. If the velocity be 6 and the weight of the body .4, 
the momentum will be 24. 

If a moving body strikes an impediment, the force with 
which it strikes, and the resistance of the impediment, are 
equal. Thus, if a boy throw his ball against tne side of th« 

When is velocity accelerated 1 Give illustrations of these two kinds of 
velocity. What b meant by retarded velocity 7 Give an example of retard- 
ed velocity. What is meant by the momentum of a body ? When ' will the 
momenta of two bodies be equal 1 Give an example. When has a small 
body more momentum than a large one 7 By what rule is the momentum 
of a body found 1 
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house, frith the force of 3, the hoiue reaists it with an eqml 
force, and the hall rehmndB. If he throws it ■eaiaat a pane 
of glass with the same force, the gUis bftTing only the power 
of 2 to reaist, the ball wiU go through die glass, still retaining 
one third of its force. 

From obaervatioQB m»de on the effects of bodies striking 
each other, it is found that action and re-action are equal ; or, 
in other words, that force and resistance are equal. tIius, 
when a moving body strikes one that is at rest, the body at rest 
returns the blow with equal force. 

This is illustrated by the well known fact, that if two per- 
sona strike their heads together, one being in motion, and the 
other at rest, th^ are bou) equally hurt 

The philosophy of action and re-action is finely illustrated 
by a number of ivory balls, suspended by threads, as in fig. 
Ftg. 10, 10, so as to touch each other. If 

the ball a be drawn from the per- 
pendicular, and then let lall, so 
as to strike the one next to it, the 
motion of the falling ball will be 
communicated urough the whole 
series, irom one to the other. 
None of Uie balls, except /, wijl 
however, appear to move. This 
will be understood, when we con- 
sider that the re-action of b, is 
just equal to the action of a, and 
that each of the other balls, in like 
, manner, acts, and re-acts, on the 
other, until the motion of a arrives 
at f, which, having no impedi- 
ment, or nothing to act upon, is 
itself put in motion. It ia, therefore, re-oction, which causes 
all the balls, except/, to remain at rest. 

It is by a modification of the same principle, that rockets 
are impelled through the air. The stream ofexpanded air, or 
the fire which is emitted from the lower end of the rocket, not 
only propels against the rocket itself, hot agunst the atmo- 
spheric air, which, re-acting against the air so expanded, sends 
the rocket along. 

When a moving body itrilces an impeffiment, which tecuvea the grenl«it 
(hockl What is the Isn of ftction nod re-action 1 How la this iltustiated 7 
When one of the irory balla atrikea the other, why does Ihe moat diatani 
*IM only more 1 On what principle an roctet* inipelted thlough the aitl 
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It was on account of not understanding the principles of ac- 
tion and re-action, that the man undertook to make a fair wind 
for his pleasure boat to be used whenever he wished to sail. 
He fixed an immense bellows in the stern of his boat, not 
doubting but the wind from it would carry him along. But 
on making the experiment, he found that his boat went back- 
wards, instead of forwards. The reason is plain. The re- 
action of the atmosphere on the stream of wind from the bel- 
lows, before it reached the sail, moved the boat in a contrary 
direction. Had the sails received the whole force of the wind 
from the bellows, the boat would not have moved at all, for 
then, action and re-action would have been exactly equal, and 
it would have been like a man's attempting to raise himself 
OTer a fence by the straps of his boots. 

Reflected Motion. 

It has been stated that all bodies when once set in motion, 
would continue to move straight forward, until some impedi- 
ment, acting in a contrary direction, should bring them to rest; 
continued motion without impediment being a consequence of 
Uie inertia of matter. 

Such bodies are supposed to be acted upon by a single 
force, and that in the direction of the line in which they move. 
Thus, a ball sent out of a gun, or struck by a bat, turns neither 
to the right, nor left, but makes a curve towards the earth, in 
consequence of another force, which is the attraction of gra- 
vitation, and by which, together with the resistance of the at- 
mosphere, it is finally brought to the ground. 

The kind of motion now to be considered, is that which is 
produced when bodies are turned out of a straight line by some 
force, independent of gravity. 

A single force, or impulse, sends the body directly forward, 
but another force, not exactly coinciding with this, will give it 
a new direction, and bend it out of its former course. 

If, for instance, two moving bodies strike each other ob- 
liquely, they will both be thrown out of the line of their for- 
mer direction. This is called rejlected motion, because, it 
observes the same laws as reflected, light. 



In the experiment with the boat and bellows, why did the boat move 
backwards ^ Why would it not have moved at all, had the sail received all 
the wind from the bellows 7 Suppo^ a body is acted on, and set in motion bv 
a single force, in what direction will it move ? What is the motion called, 
when a body b turned out of a straight line by another force ? 
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The bounding of a ball; the skippinff of a stone over the 
smooth sur&ce of a pond ; and the oblique direction of "an 
apple, when it touches a limb in its fall, are examples of re- 
flected motion. 

By experiments on this kind of motion, it is found, that 
moYmg bodies observe certain laws, in respect to the direc* 
tion they take in rebounding from any impediment they hap- 
pen to strike. Thus, a ball, striking on the floor, or wa^ of 
a room, makes the same angle in leaving the point where it 
strikes, that it does in approaching it. 

F«g- 11- Suppose a, 6, fiff. 11, 

to be a marble slab, or 
floor, and c to be an 
ivory ball, which has 
been thrown towards the 
floor ^n the direction of 
b the line c, e; it will re- 
bound in the direction 
of the line e, (2, thus making the two angles /and g exacdy 
equal. 

If the ball approached the floor under a larger or smaller 
angle, its rebound would observe the same rule. Thus, if it 

Fig. 13. fell in the line h k, fig. 

]% its rebound would be 
in the line A: t, and if it 
was dropped perpendi- 
cularly from t to ki it 
woula return in the 
same line to /. The an- 
gle which the ball makes 
with the perpendicular 
Z A:, in its approach to 
the floor is called the 
angle of incidence^ and that which it makes in departing from 
the floor in the same line, is called the angle of reflection^ and 
these angles are always equal to each other. ^ 

What illostnitions can you give of reflected motion 1 What laws are ob- 
lerved in reflected motion 1 Suppose a ball to be. thrown on the floor in 
a certain direction, what rule will it observe in rebounding 1 What is the 
angle called, which the ball makes in appioachinff the floor 1 What is the 
angle called, which it makes in leaving the floorl What is the difEeience 
behveen thMe angles? 
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COMPOUND MOTION. 



d Fig. 13. 




Compound Motion* 
Compound motion Ls that motion, which is produced by two 
or more forces, acting in different directions, on the same 
body, at the same time. This wiU be readily understood by a 
diagram. _ 

~ '" Suppose the ball a, fig. 13, 

to be moving with a certain 
velocity in me line h c, and. 
suppose that at the instant 
C when it came to the point a, 
it should be struck with an 
equal force in the direction 
of d 6, as it cannot obey 
the direction of both these 
forces, it will take a course . 
between them, and fly off in 
the direction of/. 
The reason of this is plain. 
F The first force would carry 
the ball from ft to c ; the second would carry it from d to 
«, and these two forces being equal, gives it a direction 
just half way between the two, and therefore it is sent to* 
wards/. 

The line a /, is called the diagonal of the square^ and re- 
sults from the cross forces, h and d being equal to each other. 
If one of the moving forces is greater than the other, then the 
diagonal line will be lengthened in the direction of the greater 
force, and instead of being the diagonal of a square, it will 
become the diagonal of a parallelogram, or oblong square. 

I«g- 14' Suppose the force in the 

€' direction of a b, should 

drive the ball with twice the 
^ velocity of the cross force 
c dy fig. 14, then the ball 
would go twdce as fiir from 
the line c d, as from the line 
h a, and e f would be the 
diagonal of a parallelogram 
"y whose length is double its 

breadth. 

"What 11 compound motion 1 Suppose a ball, moving with a certain 
force, to be atruck croaswise, with the same force, in what direction will it 
move % Suppose it to be struck with half its former force, in what direction 
wUl it move T 
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Suppose a boat in crossing a river, is rowed forward at the 
rate of four miles an hour, and the current of the river is at 
the same rate, then the two cross forces will be equal, and the 
line of the boat will be the diagonal of a square, as in fig. 13. 
But if the current be four miles an hour, and the progress of 
the boat forward only two miles an hour, then the boat will go 
down stream twice as fast as she goes across the river, and 
lier path will be the diagonal of a parallelogram, «s in fig. 14, 
and therefore to make the boat pass directly across the stream. 
It must be rowed towards some point higher up the stream 
than the landing place ; a fact well known to boatmen. 

/f drctdar Motion, 

Circular motion, is the motion of a body in a ring, or circle, 
and is produced by the action of two forces. By one of these 
forces, the moving body tends to fly off in a straight line, 
while by the other it is drawn towards the centre, and thus it 
it made to revolve, or move round in a circle. 

The force by which a body tends to go ofi!* in a straight line 
is called the centrifugal force ; that which keeps it from fly- 
ing away, and draws it towards the centre, is called the cen- 
tripetal force. 

Bodies moving in circles are constantly acted upon by these 
two forces. If me centrifugal force should cease, the moving 
body would no longer perform a circle, but would directly ap- 
proach the centre of its own motion. If the centripetal force 
should cease, the body would instantly begin to move off in a 
straight line, this being, as we have explained, the direction 
which all bodies take when acted on by a single force. 



Fig. 15. 




This will be obvious by fig. 
15. Suppose a to be a cannon 
ball, tiea with a string to the 
centre of a slab of smooth mar- 
ble, and suppose an attempt 
be made to push this ball with 
die hand in the direction of ft ; 
it is obvious that the string 
would prevent its going to that 
point ; but would keep it in the 
circle. In this case, the string 
is the centripetal force. 



What is the line ii F, 
eaDedl How ate there 
How is this motion piodi 



. 13, calledl What is the line ^ -P, fig. 14^ 
ores illuBtrated') What is ciicolax motion? 
1 What is the centrifugal fofcel 
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Now suppose the ball to be kept revolving with rapidity, 
its velocity and weight will occasion its centrifugal force ; and 
if the string were cut, when the ball was at the point c 
for instance, this force would carry it off in the line to 
wards h. 

The greater the velocity with which a body moves round 
in a circle, the greater will be the force with which it will fly 
off in a right line. 

Tlius, when one wishes to sling a stone to the greatest dis- 
tance, he makes it whirl round with the greatest possible ra- 
pidity, before he lets it go. Before the invention of other 
warlike instruments, soldiers threw stones in this manner with 
great force, and dreadful effects. 

The line about which a body revolves, is called its aans of 
motion. The point round which it turns, or on which it rests, 
is called the centre of motion. In fig. 15, the point d, to 
which the string is nxed, is the centre of motion. In the 
spinning top, a fine through the centre of the handle to the 
point on which it turns, is the axis of, motion. 

In the revolution of a wheel, that part which is at the great- 
est distance from the axis of motion, nas the greatest velocity, 
and consequently, the greatest centrifugal force. 

Fig. 16. Suppose the wheel, fig. 16, to 

revolve a certain number of times 
in a minute, the velocity of the 
end of the arm, at the point a, 
would be as much greater than its 
middle at the point 5, as its dis- 
tance is greater from the axis of 
motion, because it moves in a lar- 
ger circle, and consequently the 
centrifugal force of the rim c, 
would in like manner, be as its 
distance from the centre of mo- 
tion. 

^ Large wheels, which are designed to turn with great velo- 
city, must, therefore, be made with corresponding strength. 

What is the centripetal force? Suppose the centrifugal force should 
cease, in what direction would the body move 1 Suppose the cent ripe tal 
force should cease, where would the body go*? Explain fig.-15. What 
constitutes the centrifugal force of a body movmg round in a circle 1 How 
is this illustrated 7 W hat is the axis of motion 1 What is the centre of 
motion 1 Qive illustrations. What part of a lerol ring wheel has the great- 
est centrifugal foioe 7 Why 7 
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Otherwise the centrifugal force will overcome the cohesive at- 
traction, or the strength of the fastenings, in which case the 
wheel will fly in pieces. This sometimes happens to the large 
grindstones used in gun-factories, and the stone either flies 
away piece-meal, or breaks in the middle, to the great danger 
of the workmen. 

Were the diurnal velocity of the earth about seventeen 
times greater than it is, those parts at the greatest distance 
from its axis, would beffin to fly ofl* in straight lines, as the 
water does from a grindstone, when it is turned rapidly. 

Centre of Gravity. 
The centre of gravity, in any body or system of bodies, is 
that point upon which the boay, or system of bodies, acted 
upon only by gravity, will balance itself in all positions. 

The centre of gravity, in a wheel made entirely of wood, 
and of equal thickness, would be exactly in the huddle, or in 
its ordinary centre of motion. But if one side of the wheel 
were made of iron, and the other part of wood, its centre of 
gravity would be changed to some point, aside from the centre 
of the wheel. 

Fig. 17. Thus, the centre of gravity in the 

wooden wheel, fig. 17, would be at 
the axis on which it turns ; but were 
the arm a, of iron, its centre of mo- 
\ tion and of gravity would no longer 
be the same, but while the centre of 
motion remained as before, the cen- 
tre of gravity would fall to the point 
a. Thus the centre of motion and 
of gravity, though often at the same 
point, are not always so. 
When the body is shaped irregularly, or there are two or 
more bodies connected, the centre of gravity is the point on 
which they will balance without falling. 

Fig. 18. If the two balls a and ft, fig. 18, 

/?' d Weigh each four pounds', the centre of 

^^ , ^m gravity will be a point on the bar equal- 

^^^ ^^ ly distant from each. 

Why must large wheels, turning with great velocity, be strongly made ? 
What would be the consequence, were the velocity of the earth 17 times 
greater than it is 1 Where is the centre of gravity in a body 1 Where is 
we centre of gravity in a wheel, made of wood ? If one side is made of 
wood, and the other of iron, where is this centre 1 Is the centre of motion 
and of gravity always the same 1 
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^' ^- But if one of the balls be heavier than 

^ ^""^ *^® other, then the centre of gravity will, 

f \ in proportion, approach the larger ball, 

U\ JThus in fig. 19, if c M'^eighs two pounds 

^^ — ^ and d eight pounds, the centre of grav- 
ity will be four times the distance from 
c that it is from d. 

In a body of equal thickness, as a board, or a slab of mar- 
ble, but otherwise of an irregular shape, the centre of gravity 
may be found by suspending it, first from one point, and then 
from another, and marking Tby means of a plumb line the per- 
pendicular ranges from the point of suspension. The centre of 
gravity will be the point where these two lines cross each other. 
Thus, if the irregular shaped piece of board, fig. 20, be 
Fig. 20. Fig. 21. Fig. 22. . suspended by 

makin? a hole 

• V*-**^..,,^^ through it at 

^•^ ^^^ ^ \ |\ thepomta,and 

\ ^-*-\ at the same 
V^ \ point suspend- 
Ny. ^^ing the plumb 
V^ line c, both 
board and line 
\ ^ will hang in 

the position represented in the figure. Having marked this 
line across the board, let it be suspended again in the position 
of fig. 21, and the perpendicular line again marked. The 
point where these lines cross each other, is the centre of gravi- 
ty, as seen by fig. 22J. 

It is oflen of great consequence, in the concerns of life, 
that the subject of gravity should be well considered, since 
the strength of buildings, and of machinery, often depends 
chiefly on the gravitating point. 

Common experience teaches, that a tall object, with a nar- 
row base, or foundation, is easily overturnea ; but common 
experience does not teach the reason, for it is only by under- 
standing principles, that practice improves experiment. 

An upright object will fall to the ground when it leans so 
much that a perpendicular line from its centre of gravity falls 
beyond its base. A tall chimney, therefore, with a narrow 

When two bodies are connected, as by a bar between them, where is the 
centre of gravity 1 In a board of irregular shape, by what method is the cen 
tie of gravity found 1 
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foundation, such as are commonly built at the present day, 
will fall with a very slight inclination. 

Now in falling, the centre of gravity passes through the part 
of a circle, the centre of which i^ at the extremity of the base 
on which the body stands. This will be comprehended bv 
fig. 23. 

Fig. 33. Suppose the figure to be a block of 

marble, which is to be turned over, by 
lifting at the corner a, the corner d wotd^ 
be the centre of its motion, or the point 
on which it would turn. The centre of 
gravity, c, would, therefore, describe the 
part of a circle, of which the corner, d, is 
the centre. 

It will be obvious, afler a little consideration, that the 
^eatest difficulty we should find in turning over a square 
block of marble, would be, in first raising up the centre of 
gravity, for the resistance will constantly become less, in pro- 
portion as the point approaches a perpendicular line over the 
corner d, which, having passed, it will fall by its own gravity. 
The difficulty of turning over a body of a particular form, 
will be more strikingly illustrated by the figure of a triangle, 
or low pyramid. 

Fig. 34. In £g^ 24, the centre of gravity is so 

low, and the base so broad, that in turning 
,it over, a great proportion of its wholS 
weight must be raised. Hence we see the 
firmness of the pyramid in theory, and ex- 
perience prDves its truth ; for buudings are 
found to withstand the efiects of time, and 
the commotions of earthquakes, in proportion as ihey approach 
this figure. 

The most ancient monuments of the art of building, now 
standing, the pyramids of Egypt, are of this form. 

When a ball is rolled on a norizontal plane, the centre of 
gravity is not raised, but moves in a straight line parallel to 

In what direction must the centre of gravity be from the outside of the 
base, before the object will fall 1 In filling, the centre of gravity passes 
through part of a circle ; where is the centre of this circle 1 In tuminff over 
a body, wny does the force required constantly become less and less 1 Why 
is there less force reqaired to overturn a cube, or square, than a pyramid ol 
the same weight? When a bail is rolled on a horizontal plane, m what di- 
rection does the centre of gravity move 1 
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ihe surfiice of the plane on which it rolls, and is consequently 
always directly over its centre of motion. 

^' ' Suppose, fig. 25, a is the plane on 

which the baD moves, h the line on 
which the centre of gravity moves, 
.^ and c a plumb line, showing that the 
centre of gravity must always be ex- 
actly over the centre of motion, when 
the ball moves on a horizontal plane 
— then we shall see the reason why a 
• ball moving on such a plane, will rest 

with equal firmness in any position, and why so little force is 
required to set it in motion. For in no other figure does the 
centre of gravity describe a horizontal line over ihat of mo- 
tion, in whatever direction the body is moved. 

^' If the plane is inclined downwards, 

the ball is instantly thrown into motion 
because the centre of gravity then falls 
forward of that of motion, or the point 
on which the ball rests. 

This is explained by fig. 26, where 
a is the point on which the ball rests, 
or the centre of motion, c the perpen- 
dicular line from the centre of gravity 
as shown by the plumb weight c. 

Ifthe plane is inclined upward, force 
is required to move the ball in that di- 
rection, because the centre of gravity then falls behind that 
of motion, and therefore the centre of gravity has to be con- 
stantly lifted. This is also shown by fig. 26, only consider- 
ing the ball to be moving up the inclined plane, instead of 
down it. 

From these principles, it will be readily understood, why 
so much force is required to roll a heavy body, as a hogshead 
of sugar, for inptance, up an inclined plane. The centre of 
gravity falling behind that of motion, the weight is constantly 
acting against the force employed to raise the body. .^ 




Explain fig. 25. Why does a ball on a horizontal plane rest euiially well 
in all positions % Why does it move with little force 1 If the^eme is in- 
clined downwards, why does the ball roll in that direction 1 Why is force 
required to move a ball up an inclined plane? 
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Fig. 28. 



F^ 97. From ^hat has been stoted, it will be under- 

stood, that the danger that a body will &]], is in 
proportion to the narrowness of its base, com- 
pared with the height of the centre of gravity 
above the base. 

Thus a tall body, shaped like fig. 27, will 
fall, if it leans but very shghtly, for the centre 
of gravity being far above the base, at a, is 
brought over the centre of motion, 5, with lit- 
tle inclination, as shown by the J^nmb line. 
Whereas a body shaped like fig. 28, will not 
611, until it leans much more, as again diown 
by the direction of the plumb line. 

We may learn from these comparisons, that 
it is more dangerous to ride in a nigh carriage 
than in a low one, in proportion to the elevation 
of the vehicle, and the nearness of the wheels 
to each other, or in proportion to the narrow- 
ness of the base, and the neight of the centre of 
gravity. A load of hay upsets where the road 
raises one wheel but HtUe higher l;han the other, 
because it is high, and broader on the top tlum 
the distance of the wheels from each other; while a load of 
stone is very rarely turned over, because the centre of gravity 
is near the earth, and its weight between the wheels, mstead 
of being fer above them. 

In man the centre of gravity is between the hips, and hence, 
were his feet tied together, and his arms tied to his sides, a 
very slight inclination of his body would carry the perpendi- 
cular of his centre of gravity beyond the base, and ne would 
falL But when his limbs are free to move, he widens his 
base, and changes the centre of gravity at pleasure, by throw- 
ingout his arms, as circumstances require. 

When a man runs, he inclines forward, so^ that the centre 
of gravity may hang before his base, and in this position, he is 
obliged to keep his feet constantly advancing, otherwise he 
woiUd fall forward. 




What is the danger that abody will fall proportioned tol Why is a b(^ 
4r, shaped Uke fir. 97, moie easily thrown down, than one sha])ed like fig. 
9B ? Hence, in nding in a carriage, how is the danger of upsetting piopor- 
tionedl Where is the centre of a man's gravity 1 Why will a man ftU with 
a 1^^ ineUnrtion, when his feet and anns an tied 1 
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A foan standing on one foot, cannot throw his body forward 
without at the same time throwing his other foot backwardf In 
order to keep his centre of gravity within the base. 

A man, therefore, standing with his heels a^inst a perpen- 
dicular wall, cannot stoop forward without falling, because the 
waU prevents his throwing any part of his body backward. 
A person, little versed in such things, agreed to pay a certain 
sum of money for an opportunity of possessing himself of dou- 
ble the sum, by taking it from the floor with nis heels against 
the wall. The man, of course, lost his money, for in such a 
posture, one can hardly reach lower than his own knee. 

The base, on Vhich a man is supported*, in walking or 
standing, is his feet, and the space between them. By turning 
the toes out, this base is made broader, without taking much 
from its length, and hence persons who turn their toes outward, 
not only walk more firmly, but more gracefully, than those 
who turn them inward. 

In consequence of the upright position of man, he is con- 
stantly obliged to employ some exertion to keep his balance. 
This seems to be the reason why children learn to walk with 
so much difficulty, for after they have strength to stand, it re- 
quires considerable experience, so to balance tiie body, as to 
set one foot before the other without falling. 

By experience in the art of balancing, or of keeping the 
centre of gravity in a line over the base, men sometimes per- 
form things, that, at first sight, appear altoffether beyond hu- 
man power, such as dining with the table and chair standing on 
a single rope, dancing on a wire, &.c 

Np form under which matter exists, escapes the general 
law of gravity, and hence vegetables, as well as animals are 
formed with reference to the position of this centre, in respect 
to the base. 

It is interesting, in reference to this circumstance, to ob- 
serve how exactly the tall trees of the forest conform to this 
law. ' 

The pine, which grows a hundred feet high, shoots up with 
as much exactness, with respect to keeping its centre of gra- 
vity within the base, as though it had bfeen directed by the 

Why cannot one who stands with his heels against a wall stoop forwaid 1 
Why ddto a person walk most firmly, who turns his toes outward 1 Why 
does not a child walk as soon as he can stand 1 In what does the art of ba- 
lancing, or walking on a rope, consist 'i What is observed in the growth of 
lbs trees of the foiest, in respect to the laws of gravity 1 
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phimb Jiine of a master builder. Its limbs towards the top are 
sent off in conformity to the same law; each one growing in 
respect to the other, so as to preserve a due balance 1)6- 
tween the whole. 

It may be observed, also, that where many trees grow near 
each other, as in thick forests, and consequently where the 
wind can have but little effect on each, that they always grow 
taller than when standing alone on the plain. The roots of 
such trees are also smaller, and do not strike so deep as those 
of trees standing alone. A tall pine, in the midst of the for- 
est, would be thrown to the ground by the first blast of wind, 
were all those around it cut away. 

Thus, the trees- of the forest, not only grow so as to pre- 
serve their centres of gravity ; but actually conform, in a cer- 
tain sense, to their situation. 

Centre of Inertia, 

It will be remembered that inertia is one of the inherent, or 
essential properties of matter^ and that it is in consequence of 
this property, when bodies are at rest, that they never move 
without the application of force, and when once in motion, that 
they never cease moving without some external cause. 

Now inertia, though, uke gravity, it resides equally in every 
■particle of matter, must have, like gravity, a centre in eacn 
particular body, and this centre is the same with that of gra- 
vi^. 

In a bar of iron, six feet long, and two inches square, the 
centre of gravity is just three feet from each end, or exactly in 
the middle. If, therefore, the bar is supported at this point, 
it will balance equally, and because there are equal weights 
on both ends, it will not fall. This, therefore, b the centre o1 
gravity. 

Now suppose the bar sbould be raised by raising up the ce* 
trp of gravity, then the uiertia of all its parts would be ove 
come equally with that of the middle. Th^ centre of gravit y 
is, therefore, the centre of inertia. 

The centre of inertia, being that point, which, beinff lifted, 
the whole body is raised, is not, therefore, always at the cen- 
tre of the body. 

What effect does inertia have on bodies at lest 1 What effed does it haw 
on bodies in motion 1 Is the centre of inertia, and that of gravity,- the same 1 
Where ir the oeotre of inertia in a body, or a systciD of b(hlie8 1 
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gfg, 9, TI1U8, suppose the same bar of iron, 

liose inertia was overcome by raiaSng 

e centre, to have balls of diilerent 
eights attached to its ends ; then the 
ntre of inertia would no longer re- 
main in the middle of the bar, but would be changed to the 
poiiit a, fig. 29, so that to lift the whole, this point must be 
rdsed, instead of the middle, as before. 

£quilibrium. 

When two forces counteract, or balance each other, ihef 
J re said to be in equilibrium. 

It is not necessary for this purpose, that the weights oppos- 
ed to each other should be equally heavy, for we have just seen 
that a small weight placed at a distance from the centre of 
inertia, will balance a large one placed near it. To produce 
equilibrium, it is only necessary, that the weights on each 
side of the support should mutually counteract each other, or 
if set in motion, that their momenta should be equal. 

A pair of scales are in equilibrium, whep the beam is in a 
horizontal position. 

To produce equilibrium in solid bodies, therefore, it is only 
necessary to support the centre of inertia, or gravity. 

Kg. 3o. If a body, or several bodies, con- 

nected, be suspended by a string, 
as in fig. 30, the point of support 
is always in a perpendicular line 
above the centre of inertia. The 
plumb line d, cuts the bar connect- 
mg the two balls at this point. 
Were the two weights in this firare 
equa^' it is evident that the hook, or 
point of support, must be in the mid- 
dle of the string, to preserve the horizontal position. 

When a man stands on his right foot, he keeps himself in 
eouilibrium, by leaning to the right, so as to bring his centre 
of gravity in a perpendicular line over the foot on which he 
stands. 




¥niy is the point of inertia changed, by fixing different weights to thp 
ends 01 the iron bar 1 What ia meant by equilibrium 1 To produce equi 
libfium, must the weights be equal? When is a psdr of scales in equililnium 
When a body is suspended by a string, where must the support be with tb 
ipect to the point of inertia 1 
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Curvilinear, or hent Motion. 

We have seen that a single force acting on a body, drive t it 
straight forward, and that two forces acting crosswise, drive ii 
midway between the two, or give it a diagonal direction. 

Curvilinear motion differs from both these, the direction of 
the body being neither straight forward, nor diagonal, but 
through a line which is curved. 

This kind of motion -may be in any direction, but when it 
is produced in part by gravity^ its direction is always towards 
die earth. 

A stream of water from an aperture in the side of a vessel, 
as it falls towards the ground, is an example of a curved line, 
and a body passing through such a line, is said to have curvili- 
near motion. Any body projected forward, as a cannon ball 
or rocket, falls to the earth in a curved line. 

It is the action of gravity across the course of the stream, 
or the path of the balJ, that bends it downwards, and makes it 
form a curve. This motion is therefore the result of two for- 
ces, that of projection, and that of gravity. 

The shape of tite curve, will depend on the velocity of the 
stream or ball. When the pressure of the water is great, the 
stream, near the vessel, is nearly horizontal, because its velo- 
city is in proportion to the pressure. When a ball first leaves 
the cannon, it describes but a slight curve, because its projec- 
tile velocity is then greatest. 



Fig. 31. 




The curves prescribed by jets of 
water, under different degrees of pres- 
sure, are readily illustrated by tapping 
a tall vessel in several places, one 
above the other. 

Suppose fig. 31 to be such a vessel, 
filled with water and pierced as repre- 
sented. The streams will form curves 
differing from each other, as seen in 
the figure. Where the projectile force 
is greatest, as from the lower orifice, 
the stream reaches the jground at the 
greatest distance from the vessel, this 
distance decreasing, as the pressure 



What id meant by curvilinear motion'} What are examples of this kind 
of motion ? What two forces produce this motion 1 On what docs the 
shape of the curve depend ? How are the curves described by jets of wiiter 
'dkvtratedl 
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beeemet leas towards the top of the vesseL The action ot 
giv«ily being always die same, the shape of the curve de- 
seribed, as kist stated, most depeiid on th^ velocity of the mov- 
ing body ; out whether the projectile force be great or small, 
te moving body, if thrown horizontally, will reach the ground 
from the same height in the same time. 

This, at firbt thought, would seem improbable, for without 
consideration, most persons would assert, very positively, that 
if two cannon were fired fr(Hn the same spot, at the same in- 
stant, and in the same direction, one of the balls falling halt 
a mile, and the other a mile distant, that the ball which went 
to the greatest distance, would take the most time in perform- 
ing its ^foumey. 

But it must be remembered that the projectile force does 
not in the least interfere with the force of gravity. A ball 
flying horizontally at the rate of a thousand feet per second, 
is attracted downwards with precisely the same force as one, 
flyinff only a hundred feet per second, and must therefore de- 
scend the same distance in the same time. 

The distance to which a ball will go^ de^nds on the force 
of impulse given it the first instant, and consequently on its 
projectile velocity. If it moves slowly, the distance, will be 
short — ^if more rapidly, the space passed oyer vnW be greater. 
It makes no difference, then, in respect to the descent of the 
ball, whether its projectile motion be fast, or slow, or whether 
it moves forward at all. 

This is demonstrated by experiment. Suppose a cannon to 
be loaded with a ball, and placed on the top of a tower, at such 
a height from the ground, that it wouldtake just three seconds 
for a cannon ball to descend from it to the ground, if let fall 
perpendicularly. Now suppose |,he cannon to be fired in an 
exact horizontal direction, and at the same instant, the ball to 
be dropped towards the ground. They will both reach the 
ground at the same instant, provided its surface be a horizon- 
tal plane from the foot of the tower to the place where the 
projected ball strikes. 

What difference is there in respect to the time taken by a body to reach 
tbfi ground, whether the curve be p«at or small 1 Why do bodies fbrminff 
different curves from the same height, reach the ground at the same timel 
Suppose two balls, one flying at the rate of a thousand, and the other at the 
rate of a hundred feet per second, which would descend most during the se- 
cond 'i Does it make any difference in respect to the descent of the ball, 
whether it has a projectU<tniotion or not 1 Suppose, then, one ball be fired 
from a cannon, and another let fall from the same height at the same instant 
would thisy both reach the ground at the same time f 



1 



CURmLUiKAB. MOTIOM. 



S5 



will biB made {rihin by fif . S% where a is liie perpcn- 
dieokur line of the desoendmg bdl, c b the curvilinear pa& o( 
that projected from the eannon, and d^ the horiirala] line 
from the foot of the tower. 




The reason why the two balls will reach the ground at the 
same time, is easily comprehended. 

During the first second, suppose that the ball which is 
dropped, reaches % during the next second it falls to 2, and 
at tne end of the third second it strikes the ground. Mean- 
time, the ball shot from the cannon is projected forward with 
such velocity as to reach 4 in the same time that the other 
is fiilling to 1. But the projected ball falls downward exactly 
as fiist as the other, for it meets the line 1, 4, which is parallel 
to the horizon at the same instant During the next second, 
the projected ball reaches 5, while the other arrives at 2; 
and here again they have both descended through the same 
downward space, as is seen by the line 2, 5, which is parallel 
with the other. During the third second, the ball from the 
cannon will have nearly spent its projectile force, and there- 
fore, its motion downwara will be greater, while its motion 
forward will be less than before. The reason of this will 
be obvious, when it is considered, that in respect to gravity, 
both balls follow exactly the same law, and fall through equal 

rces in equal times. Therefore as the falling ball descends 
[)Uffh the greatest space during the last second, so that 
from uie cannon, having now a less projectile motion, ils down- 
ward motion is more direct, and, like atl falling bodies, its velo- 
city is increased as it approaches the earth. 

*-1 I ■■ IIJ - I . ■ ■ - I _ IT --.-■_ 

Explain fig. 32, showing the reason whv the two balls wiU reach the 
gnMind at the same time^ ^X^y ^oes the bail approach the earth more 
lapid^ m the last part oCthe ^urve, than in the first parti 
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From these principles it may be inferred, that the hori* 
zontal motion of a body through the air, does not in the least 
interfere with its gravitating motion towards the earth, and 
therefore that a rifle ball, or any other body projected forward 
horizontally, will reach the ground in exactly the same period oi 
time, as one that is let fall perpendicularly from the same height. 
The two forces acting on bodies which fall through curved 
lines, are the same as the centrifugal and centripetal forces, al- 
ready explained ; the centrifugal, in case of the ball, being caused 
by the powder — the centripetal, being the action of gravity. 

Now, it is obvious, that the space through which a cannon 
ball, or any other body, can be thrown, depends on the velocity 
with which it is projected, for the' attraction of gravitation 
and the resistance of the air acting perpetually, the time which 
a projectile can be kept in motion, through the air, is only a 
few moments. 

If, however, the projectile be thrown from an elevated situ- 
tion, it is plain that it would strike at a greater distance than 
if thrown on a level, because it would remain longer in the 
air. Every one knows that he can throw al^tone to a greater 
distance, when standing on a steep hill, than when standing 
on the plain below. 

Bonaparte, it is said, by elevating the ran^e of his shot, 
bombarded Cadiz from the distance of five miles. Perhaps, 
then, from a high mountain, a cannon ball might be thrown to 
the distance of six or seven miles. 

Suppose the circle, fig. 
33, to be the earth, and a 
a high mountain on its 
surface. Suppose that 
this mountain reaches 
above the atmosphere, or 
is fifty miles high, then a 
cannon ball might perhaps 
reach from a to &, a dis- 
tance of eighty or a hun* 
dred miles, because the 
resistance of the atmo*- 
sphere bein^ out of the 
calculation, it would have 
nothing to contend with, 
except the attraction of 

Whftt IB the fimse called which throws a baU forward 7 
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gniTilatioii. 1£, then, one degree of foroe» or Teloeitfy woiild 

Bend it to hf another would send it to c : and if die force wie 
increased three times, it would &11 at df and if four times, il 
would pass to e. If now we suppose the force to be about ten 
times greater than that with which a cannon ball is projectedi 
it would not fall to the earth at any of these points, but would 
continue its motion, until it again came to the point a, the 
place from which it was first projected. - It woula now be in 
equilibrium, the centrifugal force being just equal to that oi 
gravity, and therefore it would perform another, and another 
revolution, and so continue to revolve around Uie earth per* 
petually. 

The reason why the force of gravity will not ultimately 
bring it to the earth, is, that during the first resolution, tlie 
efifect of this force is just equal to that exerted in any other 
revolution, but neither more nor less ; and, therefore, if the 
centrifugal force was sufficient to overcome this attraction da- 
ring one revolution, it would also overcome it during the next 
It 18 supposed, also, that nothing tends to affect the projectile 
force except that of gravity, and the force of this attraction 
would be no greater during any other revolution, than during 
the first 

In other words, the centrifugal and centripetal forces am 
supposed to be exactly equal, and to mutually balance each 
other ; in which case, the ball would be, as it were, suspiended 
between them. As long, therefore, as these two forces con- 
tinued tb act with the same power, the ball would no more 
deviate from its path, than a pair of scales would lose their 
balance without more weight on one side than on the other. 

It is these two forces which retain the heavenly^dies in 
their orbits, and in the case we have supposed, our cannon 
ball would become a little satellite, moving perpetually round 
the earth. 

Resultant Motion. 

Suppose two men to be sailing in two boats, each at the 

What 18 that called, which hiings it to the ground 1 On what does (he 
distance to which a projected hody may be thrown depend? Why does the 
distance depend upon the vdocity 1 Explain fig. 33. Suppose the velocity 
of a cannon hall shot fiom a mountajn^O n^es high, to be ten times its nsuai 
rate, where would it stop ? When would Ais ball be in equifibriuin 1 Why 
would not the fixroe of eravity ulttoiatdy bring the ball to the earth 1 After 
the first revdutifm, if ue two finraescontmned the same, would not the mo- 
tion of the ban be perpetoall 
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mte of four miles an hour, ata short dbtance opposite i 
other, and suppose as ihey are sailing along in tliis mannei 
one of the men throws the other an apple. In respect to tht 
boatSf the apple would pass directly across, i^in one to the 
other, that is, its line of direction would be perpendicular to 
the sides of the boats. But its actual line through the air, 
would be oblique, or diagonal, in respect to the sides of the 
boats, because in passing from boat to boat, it is impelled by 
two forces, viz. the force of the motion of the boat forwara, 
and the force by which it is thrown by the hand across this 
motion. 

This diagonal motion of the apple is called the resultant^ 

or the resulting motion, because it is the effect, or result, of 

two motions,' resolved into one. Perhaps this will be more 

Pig. 34. clear by fig. 34, where a b, and c 

dj are supposed to be the sides 

tf ^T ^j ^ of the two boats, and the line e f, 

that of the apple. Now the apple, 
when thrown, has a motion with 
the boat at the rate of four miles 

iJ an hour, from c towards d, and this 

^ motion is supposed to continue just 

as though it had remained in the boat. Had it remained in the 
boat during the time it was passing from e to/, it would have 
passed from e to ^. But we suppose it to have been thrown 
at the rate of eight miles an hour in the direction towards g, 
and if the boats are moving south, and the apple thrown to- 
wards the east, it would pass, in the same time, t^vice as far 
towards the east as it did towards the south. Therefore, in 
respect to the boats, the apple would pass in a perpendicular 
line from the side of one to that of the other, because they 
are both in motion, but in respect to one perpendicular line 
drawn from the point where the apple was thrown, and a 
parallel line with this, drawn from tne point where it strikes 
the other boat, the line of the apple would be oblique. This 
will be clear, when we consider that when the apple is thrown, 
the boats are at the points e and ^, and that when it strikes, 
they are at h and /, these two pomis being opposite to each 
other. 

Suppose two boats, sailing at tbe same rate and in the same direction, i 
on apple be tossed from one to the other, what will be its direction in respect 
totheboats? What would be its line through the air, in reqiect to the boats 1 
Wliat is this kind of motkm called ? Why is it called resultant motion 1 
Explain % 34. 




The Koe ey/t tfarongh which the apple is thrown^ b called 
the diagonal of a pantlleiogramy as already explained under 
oompound motion. 

On the above principle, if two ships, daring a battle, afe 
sidling before tlie wind at equal rates, the aim of the gunners 
will 1^ exactly the same as though they stood still ; whereas 
if the gunner nres from a ship standing still, at anoUier under 
sail, he takes his aim forward of the mark he intends to hit, 
because the ship would pass a little forward while the ball is 

Soing to her. And so, on the contrary, if a ship in motion 
res at another standing still^ the aim must be behind the 
mark, because, as the motion of the ball partakes of that of 
the ship, it will strike forward of the point aimed at 

For the same reason, if a ball be dropped from the topmast 
of a ship under sail, it partakes of the motion of the ship for- 
ward, and will fall in aline with the mast, and strike the same 
point on the deck, as though the ship stood still. 

If a man upon the full run drops a bullet before hin^ from 
the height of his head, he cannot run so fast as to overtake it 
before it reaches the ground. 

It is on this princi^e, that if a cannon ball be shot up ver- 
tically from the earth, it will fall back to the same point ; for 
although the earth moves forward while the ball is in the air, 
yet as it carries this motion with it, so the ball moves forward 
also, in an equal degree, and therefore comes down at the 
same place. 

Ignorance of these laws induced the story-makinff* sailor to 
tell nis comrades, that he once sailed in a snip whicn went so 
(kstf that when a man fell from the mast-head, the ship sailed 
away and left the poor fellow to strike into the water behind 
her. 

Pendulum, 

*A pendulum is a heavy body, such as a piece of brass, or 
lead, suspended by a wire or cord, so as to swing backwards 
and forwards. 

Why would the line of the apple he actually perpendictilar in respect to 
the hoats, hut oblique in respect to parallel lines drawn from where it was 
thrown, and where it struck 1 How is this further illustrated ? When the 
■hips are in equal motion, where does the gunner take his aim 1 Why does 
he aim forward of the mark, when the other ship is in motion 1 If a ship in 
motioii fires at one st^dinf still, where must be the aim 1 Why, in this 
ease, BaHist the ukn he behind the mark 1 What other illustrations are^ven 
ofiwwfant motion 7 What is a pendulum 1 
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YThm a pandidiini swings, it is ssid to vibrate; and that 
part of a circle through which it Tibrates, is called its are. 

The times of die vibration of a pendtdmn are very nearly 
aqinl, whether it pass though a greater or less part of its arc 

Fig. 35. Suppose a and 

bf fig. 35, to he 
two pendulums 
of equal length, 
and suppose the 
weiirhts of eaeh 
are carried, the 
one to c, and the 
other to d, and 
both let fill! at 
the same instant; 
their vibrations would be equal in respect to time, the one 
passing through its arc from c to e, and so back affain in the 
same tone that the other passes from d to/, and back again. 

The reason of this appears to be, that when the pendulum 
is raised high, the action of gravity draws it more directly 
downwards, and it therefore acquires, in falling, a greater 
comparative velocity than is proportioned to the tnfling differ- 
ence of height 

In the common clock, the pendulum is connected with 
wheel work, to regulate the motions of the hands, and widi 
weiffhts by which the whole is moved. The vibrations of the 
pendulum are numbered by a wheel having sixty teeth, which 
revolves once in a minute. Each tooth, therefore, answers 
to one swing of the pendulum, and the wheel moves forward 
one tooth in a secona.. Thus the second hand revolves once 
ui every sixty beats of the pendulum, and as these beats are 
seconds, it goes round once in a minute. By the pendulum, 
the whole machine is regulated, for the clock goes faster,*or 
slower, according to its number of vibrations in a given time. 
The number of vibrations which ?. pendulum makes in. a given 
time, depends upon its length, because a long pendulum does 
not perform its journey to and from the corresponding points 
of its arc so soon as a short one. 

^ What is meant by the vibration of a pendufum 1 What k that part of a 
dicle called, through which it swings 1 Why does a penduhim vifarate in 
equal time, whether it goes through a small or large part of its arc 1 De- 
scribe the common clock. How many vibrations has the pendotum in. a 
nunaiel On what depends the number of vibrations whjcli a pendnlnm 
vakfls iQ a given time 1 
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As the motimi of the clock is regrolated entirely hy the 
pendlulum. and as the number of iribratjons are as its lensftbv 
the least variation in this respect will alter its rate of ffomg. 
To beat seconds, its length must be about 39 inches, in the 
common clock, the length is regulated by a screw* which 
raises and lowers the weight. But as the rod to which the 
weight is attached, is subject to variations of length in conse- 
quence of the change of the seasons, being contracted by cold* 
and lengthened by neat, the common clock goes faster m win* 
ter than in summer. 

Various means have been contrived to counteract the effects 
of these changes, so that the pendulums may continue the same 
length the whole year. Amon? inventions for this purpose, 
the ^tdtVon pendulum is considered the best It is so called, 
because it consists of several rods of metal connected together 
at each end. 

The principle on which this pendulum is constructed, is de- 
rived from the fact, that some metals dilate more by the same 
degrees of heat than others. Thus brass will dilate twice as 
much by heat, and consequently contract twice as much by 
cold, as steel. If then uiese differences could be made to 
coanteract each other mutually, given points at each end of a 
system of such rods would remain stationary the year round, 
and thus the clock would go at the same rate in all climates. 
and during all seasons. 
Fig. 36. This important object is accomplished by the fol- 
f lowing means. 

I Suppose the middle rod, fig. 36, to be made of 

^V brass, and the two outside ones of steel, all of the 
same length. Let the brass rod be firmly fixed to 
the cross pieces at each end. Let the steel rod a, 
be fixed to the lower cross piece, and &, to the upper 
cross piece. The rod a, at its upper end passes 
througli the cross piece, and in like manner, b 
passes through the lower one. This is dune to pre- 
vent these small rods from playing backwards and 
forwards as the pendulum swings. 

Now as the middle rod is lengthened by the heat 
twice as much as the outside ones, and the outside 
rods together are twice as long as the middle one, 
the actual length of the pendulum can neither be 

What is the medium len^ of a pendulum beating seconds 1 ^f^f 
does a common dock go faster in winter than in summer 1 

6 



<» 



a 




a 



PBMOUI.UM. 

i ac wMi cd nor dimiauiied by thie wiatiaiis cf jl^nfieia. 
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Fig. 37. 
^f£ To make this still plainer, suppose the lower 
cross piece, fig. 37, to be standing on a table, so that 
it could not be lengthened downwards, and suppose, 
by the heat of summer, the middle rod of orass 
3 should increase one inch in length. This would 
elevate the upper cross piece an inch, but at the 
same time the steel rod a, swells half an inch, and 
I the steel rod h^ half an inch, therefore, the two 
E^^^L points c and d, would remain exactly at tlie same 

distance from each other. 
As it is the force of gravity which draws the weight of the 
pendulum from the highest point of its arc downwards, and 
as this force increases, or diminishes, as bodies approach to- 
wards the centre of the earth, or recede from it, so the pendu- 
lum will vibrate faster, or slower, in proportion as this attract 
tion is stronger or weaker. 

Now, it is found that the earth at the equator rises highci 
from its centre, than it does at the poles, for towards the 
poles it is flattened. The pendulum, therefore, being more 
strongly attracted at the poles than at the equator, vibrates 
faster. For this reason, a clock that would keep exact time 
at the equator, would gain time at the poles, for the rate at 
which a clock goes, depends on the number of vibrations its 
pendulum makes. Therefore, pendulums, in order to beat 
seconds, must be shorter at the equator and longer at the 
poles. 

For the same reason, a clock which keeps exact time at 
the foot of a high mountain would move slower on its top. 

. There is a short pendulum, used by musicians for marking 
time, which may be made to vibrate fast or^low, as occasion 
requires. This little instrument is called a metronome^ and 
besides the pendulum, consists of seveicil wheels, and a spiral 
spring, by which the whole is moved. This p endulum is only 

What is necesaaiy in respect Jx> the pendulum, to make the clock go true 
the year round 1 What is the principle on which the gridiron penduhun is 
eoimtructed 1 What are the metals of which this instrument is madel Kx- 
plain fig. 36, and give the reason why the length of the pendulum will not 
change by the vanations of temperature. Explain fig. 37. What is the 
Aownwaid force which nudkes the pendulum vibrate 1 Explain the reason 
why the same clock would go faster at thi^ poles and slower at the equator. 
poviteiai adook whkh goes true at the equator be made to go true at the 
fofesi 
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ten or twelve inches Ion?, and instead of being sQspirnded by 
the end, like other pendulums, the rod is prolonged abore tlM 
poiut of suspension, and there is a ball placed near the uppert 
as well as at the lower extremity. , 

Fig. 38. 

This arrangement will be understood 
by fig. 38, where a is the axis of sua- 

f)ension, 5 the upper ball, and c the 
ower one. Now when this pendulum 
vibrates from the point a, the upper 
ball constantly retards the motion of 
the lower one, by in part' counterba- 
lancing its weight, ana thus prevent- 
ing its full velocity downwards. 

Ferhaps this will be more apparenti 

by placing the pendulum, fig. 39, for 

a moment on its side, and across a 

bar, at the point of suspension. 

In this position, it will be seen, 

Othat the little ball would prevent 
O"" ^® large one from falling with 
its full weight, since, were it 
moved to a certain distance from 
the point of suspension, it would balance the large one, so that 
it would not descend at all. It is plain, therefore, that the 
comparative velocity of the large ball, will be in proportion 
9a the small one is moved to a greater or less distance from 
the point of suspension. The metronome is so constructed, 
tlie little ball being made to move up and down on the rod, at 
pleasure, and thus its vibrations are made to beat the time of 
a quick, or slow tune, as occasion rt4nires. 

By this arrangement, the instrument is ;T^ade to vibrate^very 
two seconds, or every half, or quarter of a second, at pleasure. 




Fig. 39. 



MECHANICS. 

Mechanics is a science which investigates the laws and ef- 
fects of force and motion. 

Will a clock kc»p equal time at the foot, and on the top of a hi^h mou&r 
taini Why will it not 1 What is the metronome 1 How does thu pendo- 
hmi diflfer fVom common pimdiilums 1 How does the upper ball retard ths 
motHm of tiie lower one? How is the metronome made to go Mer or dower 
ittpfeasnie? WhatismechanicB? 



M MECHANICS. 

Hie pnetieal object of t&is ncience is, to teftch tfie best 
modes of oyercommg resistances bv means of mechanical 
powers* and to apply motion to useful purposes; by means of 
machinery. 

A machine is any instrument by which power, motion, ct 
velocity, is applied, or regulated. 

A machine may be very simple, or exceedingly complex. 
Thus, a pin is a machine for fastening clothes, and a steam 
enfiine is a machine for propelling mills and boats. 

As machines are constructed for a vast variety of purposes, 
their forms, powers, and kinds of movement^ must depend on 
their intended uses. 

Several considerations ouffht to- precede the actual construc- 
tion of a new or untried machine ; for if it does not answer the 
purpose intended, it is commonly a total loss to the builder. 

Many a man, on attempting to apply an old principle to a 
ne^ purpose, or to invent a new macnme for an old purpose, 
has been sorely disappointed, having found, when too late, 
that his time and money had been thrown away, for want of 
proper reflection, or requisite knowledge. 

If a man, for instance, thinks of constructing a machine for 
raising a ship, he ought to take into consideration the inertia^ 
OT wetghti to he moved — the force to be applied — the strength 
of the materials, and the spaccj or situation, he has to work in. 
For, if the force applied, or the strength of the materials, be' 
insuflicient, his macliine is obviously useless ; and if the force 
and strength be ample, but the^pace be wanting, the same re- 
sult must follow. 

If he intends his machine for twisting the fibres of flexible 
substances into threads, he may find no difiSculty in respect to 
power, strength of materials, or space to work in, but if the 
velocity^ direction^ and kind of motion he obtains, be not ap* 
plicable to the work intended, he still loses his labour. 

Thousands of machines have been constructed, which, so 
far as regarded the skill of the workmen, the ingenuity of the 
contriver, and the construction of the individual parts, were 
models of art and beauty; and, so far as could be seen with- . 
out trial, admirably adapted to the intended purpose. But on 
putting them to actual use, it has too often beeii found, that 
their only imperfection consisted in a stubborn refusal to do 
any* part of the work intended. 

What U die object of this acienoe 1 What \a a machine 1 Mention one 
af the mofit ample, and one of the most complex of machines. 
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Now, a thorough knowledge of the laws of modem, and the 
principles of mechanics, would, in many instances at least, 
haye prevented all this loss of labour ^and money, and spared 
him so much vexation and chagrin, by showing the pro* 
jector that his machine would not answer the intended pur- 
pose. 

The importance^of this kind of knowledge is therefore ob- 
vious, and it is hoped will become more so as we proceed. 

In mechanics, as well as in other sciences, there are words 
which must be explained, either because they are common 
words used in a peculiar sense, or because they are terms of 
art, not in common use. All technical terms will be as much 
as possible avoided, but still there are a few, which it is neces- 
sary here to explain. 

Force is the means "by which bodies are set in motion, kept 
in motion, and, when moving, are brought to rest. The force 
of gunpowder sets the ball m motion, and keeps it moving, 
until the force of resisting air, and the force of gravity, bring 
it to rest. 

Power is the means by which the machine is moved, and 
the force gained. Thus we have horse power, water power» 
and the power of weights. 

WeiglU is the resistance, or the thing to be moved by the 
force oi the power. Tlius, the stone is the weight to be moved 
by the force of the lever, or bar. 

Fulcrum^ or prop, is the point or part on which a thing is 
supported, and about which it has more or less motion. In 
raising a stone, the thing on which the lever rests, is the ful- 
crum. 

In mechanics, there are a few simple machines, called the 
mechanical powers^ and however mixed, or complex, a com- 
bination of machinery may be, it consists only of these few in- 
dividual powers. 

We shall not here, burthen the memory of the pupil with 
the names of these powers, of the nature of which he is at 
present supposed to know nothing, but shall explain the action 
and use of each in its turn, and then sum up the whole for his 
accommodation. 



What b meant by force, in mechanioBl What i« meant by power 1 What 
M ondeiBtood by weight 1 What is the fulcmm 1 Are the inecnamcal powon 
munerous, or only &w in number 1 
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The Lever, 

Any rod, or bar, which is used in raising a weight, or mir 
mounting a resistance, by being placed on a fulcram, or prop» 
becomes a lever. 

This machine is the most simple oi* all the mechanical 
powers, and b therefore in universal use. 

^' ^' Fig. 40 represents a 

straight lever, or hand 
spike, called also a cratu 
bar, which is commonly 
used in raising and mo*, 
ving stone and other 
heavy bodies. The 
block b is the weight, or 
resistance, a is the Zcver, 
and c, the fulcrum. 

The power is the hand, or weight of a man applied at a, to 
depress that end of the lever, and thus to raise the weight. 

It will be observed, that by this arrangement, the applica 
tioh of a small power may be used to overcome a great re- 
•tstance. 

The force to be obtained by the lever, depends on its length, 
together with the power applied, and the distance of the weight 
and power from tne fulcrum. ' 

Fig. 41. Suppose, fiff. 41, that a is the 

lever, b the fulcrum, d the weight 
to be raised, and c the power. 
Let d be considered three times 
as heavy as c, and the fulcrum 
three times as far from c as it is 
from d; then the weight and 

^d P®^^^** w^'^ exactly balance each 
other. Thus, if the bar be four 
feet long, and the fulcrum three feet froin the end, then three 
pounds on the lOng arm, will weigh just as much as nine 
pounds on the short arm, and these proportions will be found 
the same in all cases. 
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Whal 18 a lever 1 What is the simplest of all mechanical powers'? Ex- 
plittn fig. 40. Which is the weight 1 Where is the fulcram 1 Where is the 
power apj>licd 7 What is the power in this ca.se 1 On what does the foree 
to be obtained by the lever denend 1 Suppose a lever 4 feet lona, and the 
flitcrura one foot from the end, what number of pounds will balance each 
<yth^r at the ends ] 
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When two weights bulance each other, the fnlcnun is al« 
ways at the centre of gravity between them, and therefore, to 
make a small weight raise a large one, the fulcrum must be 
placed as near as possible to the large one, since the greater 
tbe distance from the fulcrum the small weight or power b 
placed, the greater will be its force. 

^' Suppose the weight 0^ tig. 42, 

- 1 1„ to be sixteen poundH. au ^ sup 
3C f I pose the fulcrum to be pWed so 

/^ (j near it, as to be raised by the 

v^ C power fl, of four pounds, hang* 

mg equally distant from the ful- 
crum and the end of the lever. 
If now the power a, be remov- 
ed, and another of two pounds, c, be placed at the end of the 
lever, its force will be just equal to a, placed at the middle of 
the lever. 

But let the fulcrum be moved along to the middle of the 
lever, witli the weight of sixteen pounds still suspended to it 
it would then take another weight of sixteen pounds, instead 
of two pounds, to balance it, fig. 43. 

FSg. 43. Thus the power which would 

balance 16 pounds, when the 

fulcrum is in one place, must be 

exchanged for another power 

weighing 8 times as much, when 

the fulcrum is in another place. 

From these investi^tions, we 

may draw the followmg general 

truth, or proposition, concerning 

the lever : " That the force of the lever incr£ases in proportion 

to the distance of the power from the fulcrum^ and diminish* 

es tfi proportion as the distance of the weight from the fulcrum 





increases.''^ 



From this proposition may be drawn the following rule, by 
which the exact proportions'between the weight, or resistance, 
and the power, may be found. Multiply the weight hy its 

When weights balance each other, at what point between them must the 
ftilcmm be 1 Suppose a weight of 16 pounds on the short arm- of a lever b 
counterbalanced by 4 .pounds in the middle of the long arm, what power 
would balance this weight at the end of the lever 1 Suppose the (hlcrum to 
be moved to the middle of the Jpvcr, what power would toen be equal to th0 
16 pounds 1 What is the general propositbn drawn from these resp^' 



OB LBTEft. 

^iaianee from the fulcrum ; then multiply the power by it$^ 
distance from the same pointy and if the products are equoi^ 
tke weight and the power will balance each other. 

Suppose a weight of 100 pounds on the short arm of a Ick 
▼er, 8 inches from the fulcrum, then another weight, or powflr> 
of S pounds, would be equal to this, at the distance of IQO 
inches from the fulcrum ; because 8 multiplied by 100 is equal 
to 800 ; and 100 multiplied by 8 is equal to 800, and muB 
they would mutually counteract each other. . 

Fig. 44. Many instruments in com- 

mon use are on the principle 
of this kind of lever. Scis- 
sors, fig. 44, consist of two 
levers, the rivet being the 
fulcrum for both. The fin- 
gers are the power, and the 
cloth to be cut, the resist- 
ance to be overcome. 
Pincers, forceps, and sugar cutters, are examples of this 
idnd of lever. 

A common scale-beam, used for weighing, is a lever, sus- 
pended at the centre of gravity, so that the two arms balance 
each other. Hence the machine is called a balance. The 
fulcrum, or what is called the piixtt^ is sharpened, like a 
wed^e, and made of hardened steel, so as much as possible to 
avoid friction. 

A dish is suspended by cords 

to each end or arm of the lever, 

for the purpose of holding the 

articles to be weighed. tYhen 

^ ^ the whole is suspended at the 

point a, &g. 45, the beam or lever 
ought to remain in a horizontal 









position, one of its ends^ bein? exactly as high as the other. 
If the wdghts in the two dishes are equal, and the support 
exactly in the centre, they will always hang as represented in 
the figure. 

A very slight variation of the point of support towards one 

■ ■ . - ....■-_ .... ■ . ■ ^ . I - 

What w the rule for finding the piopartions between the weight and 
power 1 Give an iilustration of this rule. What inatniments operate on 
the principle of this lever 1 When the acissoiB are used, what is the resist- 
ance, and what the ^wer 7 In the common scale-beam, where is the ibl- 
erum 1 In what poaakm ought the scale-beam to hang 1 
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end of the lever, will make a difiercnce in the weights eoh 
ployed to balance each other. In weighing a pound of sugar, 
wiui a scale beam of eight inches long, if the point of support 
b half an inch too near tlie weight, the buyer would be dieat« 
ed nearly one ounce, and consequently nearly one pound in 
every sixteen pounds. This fraud might instantly be detected 
by changing tne places of the sugar and weight, for then the 
dilFerence would be quite material, since the sugar would then 
seem to want twice as much additional weight as it did really 
want. 

The steel-yard differs from the balance, in haying its sup- 
port near one end, instead of in the middle, and also in' hay- 
ing the weights suspended by hooks, instead of being placed 
in a dish. 

^' If we suppose the beam to be 

5 e 7 inches long, and the hook, c, fig. 

46, to be one inch from the end, 

then the pound weight a, will re- 

auire an additional pound at ft, 

for' every inch it is moved from it 

This, however, supposes that the 

bar will balance itself, before any weights are .attached to it 

In the kind of lever described, the weight to be raised is on 

one side of the fulcrum, and the power on the other. Thus 

the fulcrum is between the power and the weight 

There is another kind of lever, in the use of which, the 
weight is placed between the fulcrum and the hand. In other 
words, the weight to be lifled, and the power by which it is 
moved, are on the same side of the prop. 

Fig. 47. This arrangement is 

p represented by fig. 47, 
where w is the weight, I 
the lever, / the fulcrum, 
and p a pulley, over which 
a string is thrown, and a 
small weight suspended, 
C^ as die power. In the 
IV common use of a lever of 

the first kind, the force is 
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How mav a fraudulent scale-beam be made 1 How may the cheai be do- 
leeted ? ijow doM the steel-yard diflfcr from the balanoe ? In the first kind 
of fever, where is the fulcrum, in respect to the weight and power *» ' ' 
second kind, where k the fldcnun, in respect to the weight and ' 
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gained by bearing down the Ion? arm of the le^cr^ which i« 
called pryivg; In the second Kind, the force is gained bj 
carrying the long arm in a contrary direction, or upward, and 
this is called lifting. 

Levers of the second kind are not so common as the first, 
but are frequently used for certain purposes. The oars of a 
boat are examples of the second kind. The water against 
which the blade of the oar pushes, is the fnlcrum,'the boat is 
the weight to be moved, and the hands of the man the power. 
Two men carrying a load between them on a pole, is also 
an example of this kmd of lever. Each man acts as the pow- 
er in moving the weight, and at the same time each becomes 
a fulcrum in respect to the other. 

If the weight tiappens to slide on the pole, the man towards 
whom it goes, has to bear more of it in proportion as its dis- 
tance from him is less than before. 

pj|.^ 4g A load at a, fig. 48» is borne 

• ' equally by the two men, being 

E3 equally distant from each ; but 

at b, three quarters of its weight 
would be on the man at mat 
end, because three quarters of 
the length of the lever would 
be on the side of the other man. 

In the third, and last kind of lever, the weight is placed at 
one end, the fulcrum at the other end, and the power between 
them, or the hand is between the fulcrum and tne weight to be 
lifted. 

. ** This is represented by fig. 

— 49, where c is the fulcrum, a 

the power, suspended over the 
pulley &, and a is the weight 
to be raised. 

V ^^^ ■ This kind of lever works to 

great disadvantage, since the 

power must be greater than 

il the weight. It is therefore 

seldom used, except in cases 
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What is the ais&m of the fint kind called ? What is the action of the 
cond kind called ? Give examples of the second kind of lever. In rowing a 
boat, what is the fhlcrum, what the weight, and what th& power 1 What 
other iDuatrations of this principle b given ? In the third kind of lever, wSeiv 
are the fespecttve places of the weigS, power, and fukmim 1 
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where Telocity and not force is required. In raising a ladder 
from the ground to the roof of a house, men are oblij^ed, some* 
times to make use of this principle, and tlie great difficulty of 
doing it, illustrates the mechanical disadvantage of this kind of 
lever. 

We have now described the three kinds of levers, and we 
hope,' have made the manner in which each kind acts, plain* 
by illustrations. But to make the difference between them 
still more obvious, and to avoid all confusion, we will hefe 
compare them together. 

In the first kind, the weight or resistance, is on the short 
arm of the lever, the power, or hand, on the long arm, and the 
fiderum between them. In the second kind, the weight is 
between the fulcrum, and the hand, or power ; and, in the 
diird kind, the hand is between the fulcrum and the weight 

f%. 50. 
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Fig. 61. 



Fig.^ 
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In fig. 50, the weight and hand both act downwards. In 
61, the weight and hand act in contrary directions, the hand 
upwards, and the weight downwards, the weight being be- 
tween them. In 63, theliand and weight also act m contrary di- 
rections, but the hand is between the fulcrum and the weight. 

What is the disadvantage of this kind of lever 1 Give an example of the 
ue of the third kind of lever. In what direction do the hand did weight 
act, in the first kind of lever 1 In what direction do th^ ad-iir"^ noand 
kind 1 In what direction do they act in the third kiipif 
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Compound Lever* — ^When several simple levers are connect- 
ed together, and act one upon the other, the machine is 
called a compound lever* In this machine, as each lever acts 
as an individual, and with a force equal to the action of the 
next lever upon it, the force is increased or diminished, and 
becomes greater or less, in proportion to the number or kind 
of levers employed^ 

We will illustrate this kind of lever by a single example, 
but must refer the inquisitive student to more extended works 
for a full investigation of the subject 

Fig. 53. 

I 
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represents a 
^ compound 
lever, con- 
sisting of 3 
simple le- 
vers of the 
first kind. 
In calculating the force of this lever, the rule applies, which 
has already been given for the simple lever, namely, the length 
of the long arm is to be multiplied by the moving power, and 
that of the short one, by the weight, or resistance. Let us 
suppose, then, that the three levers in the figure are of the 
same length, the long arms being six inches, and the short 
ones, two inches long, required, the weight which a moving 
power of 1 poimd at a will balance at b. In the first place, 1 
pound at a, would balance 3 pounds at e, for the lever being 
6 inches, and the power 1 pound, Oxl'^G, and the short one 
being 2 inches, 2x3=^. TJlie long arm of the second lever 
being also 6 inches, and moved with a power of 3 pounds, 
multipl3r the 3 by 6=18 ; and multiply the length of the short 
arm, oeing 2 inches, by 9=18. These two products being 
equal, the power upon the long arm of the third lever, at i 
would be 9 pounds. 9 poundsx6=54, and 27X2, is 54 ; so 
that 1 pound at a woiild balance 27 at 5. 

The increase of force is thus slow, because the proportion 
between the long and sliort arms, is only as 2 to 6, or in the 
proportions of 1, 3, 9. 

What is a compound lever 1 By what rule is the force of the compound 
lever cakulatedl How many pounds weight will be raised by three levers 
ooniieGted, of eight incheb each, with the fiikirum two inches uom the epd, 
by a power of one poan^T 
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*^ Now suppose th(» long aitns of these levers to be 18 inches, 
and the short ones 1 inch, and the result will be surprisingly 
different, for then 1 pound at a would balance 18 pounds at €, 
and the second lever would have a power of 18 pounds. This 
being multiplied by the length of the lever, 18xl8-*3M 
pounds at d The third lever would thus be moved bv a power 
of 324 pounds, whichj multiplied by 18 inches for the weight 
it would raise, would give 5^2 pounds. 

The compound lever is employed in the construction -of 
weighing machines^ and particularly, in cases where great 
weights are to be determined, in situations where other ma- 
chines would be inconvenient, on account of tl«eir occupying 
too much space. 

Wheel and Axle* 

The mechanical power, next to the lever in simplicity, is 
the wheel and axle, it is, however, much more complex than the 
lever. It consists of two wheels, one of which is larger than 
the other, but the small one passes through the larger, and 
hence both have a common centre, on which tliey turn. 

Fig. 54. The manner in which this 

machine acts, will be understood 
by fig. 64. The large wheel a, 
on turning the machine, will 
take up, or throw off as much 
more rope than the small wheel 
or axle 5, as its circumference is 
greater. If we suppose the cir- 
cumference of the large wheel 
to be four times that of the small 
one, then it will take up the rope 
four times as &st. And because 
a is four times as large as h^ ' 
1 pound at d will balance 4 pounds at c, on the opposite 

The principle of this machine is that of the lever, as will 
be apparent by an examination of fig. 56. 




If the long anns of the lerers be 18 inches, and the short one, one inch, 
how much will a power of one pound balance 7 In what machines is the 
compound lever employed 1 What advantages do these machines poflsew 
over others 1 YHiat is the next simple mechanical power to the lever 7 D^ 
scribe this machine. Explain fig. 64. On what f^--i- -^"^ »» a£ 
chine actl 
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F||-fi0k This figure repveBenta the macUne 

eadwiae., bo as to show in what manner 
(he lever operates. The two weights 
hanging in opposition to each other, the 
one on the wheel at a, and the other on 
the axle at b, act in the same manner as 
if they were connected by the horizontal 
lever a 5, passing from one to the other, 
having the common centre, c, as a fal* 
cfum oetween them. 

The wheel and axle, therefore, acts 
like a constant succession of leveis, the 
long arm being half the diameter of the 
wheel, and the short one half the diameter of the axle ; the 
common centre of both being the fulcrum. The wheel and 
axle has, therefore, been called the perpetual lever. 

The great advantage of this mechanical arrangement is, 
0iat while a lever of the same power can raise a weight but a 
few inches at a time, and then only in a certain direction, this 
machine exerts a continual force, and in any direction wanted. 
To change the direction, it is only necessary that the rope by 
which the weight is to be raised, should be carried in a line 
perpendicular to the axis of the machine, to the place below 
which the weight lies, and there be let fall over a pulley. 




Fig. 56.- 




(E) 




Suppose the wheel 
and axle, fig. 56, is 
erected in the third 
story of a store house, 
with the axle over the 
scitttles, or doors 
through the floors, so 
that goods can be raised 
by it from the ground 
floor, in the directior 
of the weight a. Suj 
pose also, that the same 
store stands on a wharf^ 
where ships come up to 



In &f^. 55, which is the fulcrum, and which the two anus of the lever 1 

Wh&t 18 this machine called, in reference to the principle on which it acts? 

What IB the great advanta^ of this machine over the lever and other me- 

\ianacal powers 1 Describe fig. 56, and point out the mann^ in which 

bKQts can be raised by letting fall a lope over the pulley. 
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M Mev vtkA goods are lo be removed ttom tlui tes^eltlftlo^lte 
tfpp^ stones. Iiisftttd of removing the ^oods into II10 storti 
tnd hoisting them in the direction of a, it is only neeesstry to 
carry the rope hj over the puller c, which is at the end of • 
strong beam projecting out from &e side of the store, and thed 
tibe goods will be raised in the direction of c2,'thus saving 19m 
labor of moving them twice. 

The wheel and axle, under difierent forms, is applied to H 
variety of common purposes. 

Fig. 57. The capstan^ in universal use, on 

board of ships and other vessels, is 
an axle placed upright, with a head, 
or drum, a, fig. 57, pierced with 
holes, for the levers 6, c, d. The 
weight is drawn by the rope c, pass- 
ing \Avo or three times round thef 
axle \o prevent its slipping. 

This is a very powerfuF and con- 
venient machine. When not io use, 
the levers are taken out of their 
places and laid aside, and when great force is required, two or 
three men can push at each lever. 

The common windlass for drawing water, is another modi- 
ficadon of the wheel and axle. The winch, or cranky bjr 
which it is turned, is moved around by the hand, and there is 
no difference in the principle, whether a whole wheel is turned, 
or a single spoke. The Winch, therefore, answers to the 
wheel, iviiile the rope is taken up, and the weight raised by the 
axle, as already described. 

Fig. 58. jjj cases where ^eat 

weights are to be raised, 
jIIIIUu^ p and it is required that the 

machine should be as 
small as possible, on ac- 
count of room, the simple 
wheel and axle, modified 
as represented by fig. 58^ 
is sometimes used. 
The axle may be eon- 
^ sidered in two parts, one 

What 18 (he capstan 1 Where is it chiefly uarfl What arc the pecufiarad- 
vantagesofthis fonn of the wbeelaodasdeT !a te ccmviKni windlafls, whit 
pait answeiB ta the whedt 
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of which is larger than the othen The rope is attached by 
its two ends, to the ends of the axle, as seen in the figure.' 
Tlie weiffht to be raised is attached to a small pulley, or wheel, 
round which the rope passes. The elevation or the weight 
may be thus described. Upon turning the axle, the rop^ is 
coiled around the larger part, and at the same time it is 
thrown off the smaller part. At every revolution, therefore, 
a portion of the rope will be drawn up, equal to the circum- 
ference of the thicker part, and at the same time a portion, 
equal to that of the thinner part, will be let down. On the 
whole, then, one revolution of the machine will shorten the 
rope where the weight is suspended, iust as much as the dif- 
ference between the circumference of the two parts. 
F^. 59. 

Now to understand the principle on which 
^ this machine acts, we must refer to fig. 59, 
where it is obvious that the two parts of the 
rop^ a and 6, equally support the weight d, 
and that the rope, as the machine turns, pass- 
es from the small part of the axle e, to the 
large part h^ conseauently the weight does 
not rise in a perpenaicular line towards c, tde 
centre of both, but in a line between the out- 
sides of the large and small parts. Let us 
consider what would be the consequence of 
changing the rope a to the larger part of the 
axle, so as to place the weight in a line per- 
pendicular to the axis of motion. In this case, 
it is obvious that the machine would be in equilibrium, since 
the weight d, would be divided between the two sides equally, 
and the two arms of a lever passing through the centre c, 
would be of equal length, and theremre no advantage would 
be gained. But in the actual arrangement, the weight being 
sustained equally by the large and small parts, there is involv- 
ed a lever power, the long arm of whicn is equal to half the 
diameter of the large part, while the short arm is equal to half 
the diameter of the small part, the fulcrum being between 
them. 




Explain fig. 58. Why is the rope shortened, and the weight raised 1 
What is the design of fig. 59 1 Does the weight rise perpendicular to the 
axis of motbn 1 Suppose the <^Ilnder was, throughout, of the same size, 
what would be the consequence ? On what principle does this machine act 1 
AVhich are the long and short arms of the lever, and where is the fulcrum 1 
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iis t6e wheel and axle is only a modificatiott of Ae simple 
lever, so a system of wheels acting on each other, and trans- 
Butting the power to the resistance, is only another form of 
die compound lever. 

^ ^ Fig. 60. Such a combination is 

shown at fig. 60. < The 
first wheel, a, by means 
of the teeth, or cogs 
around its axle, moves 
the second wheel, &, 
with r force equal to that 
of a lever, the long arm 
of which extends from 
the centre of the wheel 
and axle to the circum- 
• ference of the wheel, 
where the power p^ is 
suspended, z ad the shorl 
arm from the same centre to the ends of the cogs. The dot- 
ted line c, passing through the centre of the wheel a, shows 
the position of the lever, as the wheel now stands . The cen- 
tre on which both wheels turn, it will be obvious , is the ful- 
crum of this lever. As the wheel turns, the shoi t arm of this 
lever will act upon the long arm of the next lever by means of 
the teeth on the circumference of the wheel h, and this again 
through the teeth on the axle of 5, will transmit its force to 
the circumference of the wheel d, and so by the short arm of 
the third lever to the weight w. As the power or smaU 
weight falls, therefore, the resistance, w^ is raised, with the 
multiplied force of three levers, acting on e&ch other. 

In respect to the force to be gained by such a machine, 
suppose the number of teeth on^thc axle of the w! leel a, to be 
six times less than the number of those on the cii cumference 
of the wheel 5, then b would only turn round on ce, while a 
turned six times^ And in like manner, if the nun ber of teeth 
on the cir(rumierence of cK, be six times greater th an those on 
the axle of h^ then d would turn once, while b turned six 
times. Thus six revolutions of a would make b n volve once, '^ 
and six revolutions of 6, would make d revolve onee. There- 
fore a makes thirty-six revolutions, while d makes only one. 

^~0n wiiat pnndple does a system of wheels act, as represented in fi^. 60 1 
Explain fiff. oO, and show how the power p is transfianed b^ *he aplion oi 
fevers tow. 
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The ditineter of the wheel a, being three tiroes the diame- 
ter of the axle of the wheel d, and its velocity of motion being 
36 to 1, 3 times 36 will give the weight which a power of 1 
pound at p, would raise at w. Thus 36x3= lOS. One 
pound at p would therefore balance 108 pounds at w. 

If the student has attended closely to what has been said 
on mechanics, he will now be prepared to understand, that 
no machine, however simple or complex it may be, can create 
the least degree of force. It is true, that one man with a 
machine, may apply a force which a hundred could not exert 
with their hands, but then it would take him a hundred times 
as long. 

Suppose there are twenty blocks of stone to be moved a 
hundred feet ; perhaps twenty men, by taking each a block, 
would move them all in a minute. One man, with a capstan, 
we will suppose, may move them all at once, but this man, 
with his lever, would have to make one revolution foi 
every foot he drew the whole load towards him, and there- 
fore to make one hundred revolutions to perform the whole 
work. It would also take him twenty times as long to do it, 
as it took the twenty men. His task, indeed, would be more 
than twenty times harder then that performed by the twenty 
men, for in addition to moving the stone, he would have the 
friction of the machinery to overcome, which commonly 
amounts to nearly one third of the force employed. 

Hence there would be an actual loss of power by the lise of 
the capstan, though it might be a convenience for the one 
man to do his work by its means, rather than to call in nine- 
teen of his neighbours to assist him. 

The same principle holds good in respect to other machine- 
ry, where the strength of man is employed as the power, or 
prime mover. There is no advantage gained, except that of 
convenience. In the use of the most sunple of all machines, 
the lever, and where, at the same time, there is the least force 
lost by friction, there is no actVial gain of power, for what 
seems to be gained in force is always lost in velocity. Thus, 
if a lever is of such length to raise 100 pounds an inch by 
the power of one pounds its long arm must pass through a 

What weight will one pound at p balance at v ? Is there any acta a 
power gained by the use of machinery 1 Suppose 20 men to move 30 stones 
to a certain distance with their hands, and one man moves them back to the 
same place with a capstan, which perfinrms the most actual labor 1 Why < 
Why, then, is machmery a convenience ? • 
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Space of 100 laches. Thus, what ia gained in one way is 
lost in another. 

Any power by which a machine is moved, must be equ^ to 
the resistance to be overcome, and, in all cases where the 
power descends, there will be a proportion between the yelo- 
city with which it moves downwards, and the velocity with 
wHich the weight moves upwards. There will be no differ- 
ence in this respect, whether the machine be simple or com- 
pound, for if its force be increased by increasing the number 
of levers, or wheels, the velocity of the moving power must 
also be increased, as that of the resistance is diminished. 

There being, then, always a proportion, between the velo- 
city with which the moving force descends, and that with 
which the weight ascends, whatever this proportion may be, 
it is necessary that the power should have to the resistance 
the same ratio that the velocity of the resistance has. to the 
velocity of the power. In other words, " The power multi- 
plied by the space through which itmoDes, in a vertical direo 
tioTiy must be equal to the weight multiplied by the space 
through which it moves in a vertical directionJ*^ 

This law is known under the name of " the law of virtual 
velocities," and is considered the golden rule of mechanics. 

This principle has already been explained, while treating 
of the lever; but that the stuaent should want nothing to assist 
him in clearly comprehending so important a law, we will 
again illustrate it in a difierent manner. 

Fig. 61. Suppose the weight of ten pounds to be 

^^ suspended on the short arm of the lever, 

'fig. 61, and that the fulcrum is only one 

inch from the weight ; then, if the lever be 

ten inches long, on the o^er side of the 

/ fulcrum, one pound at a would raise, oi 

0/ balance, the ten pounds Bib. But in raising 
the ten pounds one inch in a vertical direc- 
tion, the long arto of the lever must fall 
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In the use of the. lever, what proportion is there between the force of the 
short arm, and the velocity of we long arm 1 How is this illustrated 1 It 
*s said, that the velocity of the power downwards, must be in proportion to 
..at of the weight upwards 1 Does it make any difference, in this respect, 
ivhether the machine be ample or compound ? What is the golden nue of 
mechanics') Under what name is this law knownl FiTpiain fig. 61, and 
show how the rule is i!>2fltrated by that figora. 
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fm inehes in a vertical direefion, and therefore ihe relodt) 
of a would be ten times the velocity of b. 

The application of this law, or rule, is apparent The pow 
er is one pound, and the space through which it falls is 10 inch- 
es, therefore 10Xl«=10. The weight is 10 pounds, and tfie 
space through which it rises is one inch, therefore IxlO^^lO. 
Thus tlie power, multiplied by the space through which it 
moTes, is exactly equal to the weight, multiplied by the space 
through which it moves. 

Fiff. 08. Again, suppose the lever 

fig. 62, to be thirty inches 
long from the fulcrum to the 
point where the power p i8 
suspended, and that the 
\ weight w is two inches from 




J§ ^j \ the fulcrum. If the power 
I be 1 pound, the weight must 



/ 



j be fifleen pounds, to produce 
I equilibrium, and the power 
' p must fall thirty inches, to 
raise the weight w two inch- 
es. Therefore the power be- 
ing 1 pound, and the space 
90 inches, dOxl'^^SO. The weight being 15 pounds, and the 
space 2 inches, 15x2»90. 

Thus the power, multiplied by the space through which it 
ftlls, and the weight, multiplied by the space through which 
it rises, are equal. 

However complex the machine may be, by which the force 
of a descending power is transmitted to the weight to be raised, 
the same rule will apply, as it does to the action of the sim- 
ple lever. 

^ The Pulley. 

A pulley f consists of a wheel, which is rroov^d on the edge, 
ind which is made to torn on its axis, oy a chord passing 
over it 



Eniain fig. 68, airi rfwwr Ikwr tJie same niie is ilfoBfatatcd W it What 
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^•^ Fig. 63 represents a simple pulley^ 

with a single fixed wheel. In other 
forms of the machine, the wheel moves 
up and down, with the weight. 
^ The pulley is arrangea among the 
simple mechanical powers; but when 
several are connected, the machine is 
called a system of pulleys^ or a compound 

O^fe pulley, 
r^ One of the most obvious advantages 
) of the pulley is, its enabling men to exert 
their own power, in places where they cannot go themselves. 
Thus, by means of a rope and wheel, a man can stand on the 
deck of a ship, and hoist a weight to the topmast. 

By means of two fixed pulleys, a weight may be raised up- 
ward, while the povy^er moves in a horizontal direction. The 
weight will also rise vertically through the same space that 
the rope is drawn horizontally. 

^ *' Fig. 64 represents two fixed 

^ f J^ ' pulleys, as they are arranged for 

^\J\ such a purpose. In the erec- 

tion of a lofly edifice, suppose 
the upper pulley to be suspend- 
ed to some part of the building ; 
then a horse, pulling at the rope ' 
a, would raise the weight w 
/^'^ vertically, as far as he went 

/^) ^ horizontally. 

X - In the use of the wheel of the 
^ pulley, there is no mechanical 
advantaj^e, except that which 
arises from removing the friction, and diminishing the imper- 
fect flexibility of the rope. 

In the mechanical effects of this machine, the result wouM 
be the same, did it slide on a smooth surface with the same 
ease that its motion makes the wheel revolve. 

The action of the pulley is on a different principle from that 
of the wheel and axle. A system of wheels, as already ex- 
plained, acts on the same principle as the compound lever. 

Wliat is a simple pulley 7 What is a system, of pulleys, or a compound 
pulley 7 What is the most obvious advantage of the pulley ? How must 
two fixed pulleys be placed, to raise a weight vertically, as rar as the power 
g^H s horizontally % What is the advantage of the whee] of the pulle? 1 
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Bat Ibe mechanical efficmcr of ■ sy^vtem of puQejt, is derired 
entirely (rani tlte dirision of ihe weightaroong the stringn em 
ployed in suspending k. In theiue of the siitgie fixed fiUley, 
■here. can be iio mechanical advanlaf^e, since the weight rises 
as foat aa (be power descends. This is obvious by fig. 63 ; 
irhere it ia also apparent that the power and weight unist bo 
exactly equal, to balance each other. 
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In the single moveable pulleyi fig> 65, ihe 
same rope passes from the fixed point a, tc 
the power p. It ia evident, here, that the 
weight is supported equally by the two parts 
of uie stnng between which it hanga. 
Therefore, if we call the weight id (en 
pounds, five pounds will be supported by 
one string, and five by tli ■ other. The pow- 
er, then, will support twice its own weight) 
80 that a person pulling with a force of live 
pounds at p, will raise ten pounds at w. 
The mechanical force, therefore, in respect 
. to the power, is as two to one. 

Ill thia ecample, it is supposed there are only 
two ropes, each of which bears an equal part of 
the weight. 

If the number of ropes be increased, the 
weight may be increased with the same power ; 
or uie power may be diminished ii( proportion 
as the number of ropes is increased. In fig. 66, 
ihe number of ropes euslaining the weight 
is four, and therefore, the weight may be four 
times as great as the power. This principle 
must be evident, since it is plain that each r^ie 
auBtains &n equal part of the weight, llie 
weight may therefore be considered as divided 
into four parts, and each part sustained by one 
rope. 

In fig. 67, there is a system of pulleys repre- 
sented, in which the weight is sixteen limes 
t the power. 

How ilos the acUoD of the pnlley iTifler ftotn that d 
tba viuti and iile 1 la thm anj me^aniral ulvanlagv 
in the Gied por^; 1 What weight at p, fig. 65, mB 
balance ten poands at w 1 Suppme the numlin' of rapei 
to be incieaaei), uul the weight incraaaal, tniut tlu power 
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*'%• ^' The teiuion of the rope d^ e^w 

f evidently equal to the power, «, be- 
cause it sustains it: (2» being a 
moveable pulley, must sustain a 
weight equal to twice the power; 
but the weight which it sustains, 
is the tension of the second rope, 
d, c. Hence the tension of the se« 
cond rope is twice that of the first, 
and, in like manner, the tension of 
the third rope is twice that of the 
second, and so on, the weight being 
equal to twice the tension of the 
last rope. 

Suppose the weight w^ to be six 
teen pounds, then the two ropes, 
8 and 8, would sustain just 8 poundii 
each, this being the whole weight 
divided equally between them. 
The next two ropes, 4 and 4, 
would evidently sustain but half 
this whole weight, because the 
other half is already sustained by 
a rope, fixed at its upper end. The 
next two ropes sustain but half of 4, for the same reason ; 
and the next pair, 1 and 1, for the same reason, wjll sustain 
oi^y half of 2. Lastly, tlie power /?, will balance two pounds, 
because it sustains but half this weight, the other half being 
sustained by the same rope, fixed at its upper end. 

It is evident, that in this system, each rope and pulley 
whidi is added, will double the eflect of the whole. Thus, by 
adding another rope and pulley beyond 8, the weight w might 
be 32 pounds, instead of 16, and still be balanced by the same 
power. 

- In our calculations of the efifects of pullies, we have allowed 
nothing for thi^ weight of the pullies themselves, or for the 
friction of the ropes*. In practice, however, it will be found, 




Sunpose the wdght, fig. 66, to be 32 pounds, what will each rope bear? 
Explain fig. 67, and show what part of the weight each rope sustains, and 
vrhf 1 jxnind at p, will balance 16 pounds at w. Explain the reason why 
eada aoditioni^ i^P® ^^ pulley will double the effect of the whole, or why 
its wdght may be double by tliat of aU the odwn, with the saxno poiweK. 



84 INCLINED f>LANl2;. 

that nearly one third must be allowed for friction, and that 
the power, therefore,, to actually raise the weight, must be 
about one third greater than has been allowed. 

The pulley, like other machines, obeys the law of virtual 
velocittes, already applied to the lever and wheel. Thus<, " in 
a system ofpullies, the ascent of the weight, or resistance, is 
as much less than the descent of the power, as the weight is 
greater than the power. ''* If, as in the last example, the weight 
18 16 pounds, ana the power 1 pound, tlie weight will rise only 
one foot, while the power descends 16 feet. 

In the single fixed pulley, the weight and power are equal, 
and consequently, the weight rises as fast as the power de- 
scends. 

With such a pulley, a man may raise himself up to the mast 
head by his own weight Suppose a rope is thrown over a 
pulley, and a man ties one end of it round his body, and takes 
the other end in his hands. He may raise himself up, because, 
by pulling with his hands, he has the power of throwing more 
of nis weight on that side than on the other, and when he does 
this, his body will rise. Thus, although the power and the 
weight are the same individual, still the man can change his 
centre of gravity, so as to make the power greater than the 
weight, or the weight greater than tne power, and thus can 
elevate one half his weight in succession. 

The Inclined Plane. 

The fourth simple mechanical power is the inclined plane. 
Fig. ea This power consists of a plain, 

smooth surface, which is inclined 
^ towards, or from the earth. It is 
represented by fig. 68, where from 
a to b ,is the' inclined plane; the 
line from d to a, is its height, and 
that from b to d, its base. 

A board, with one end on the 
ground, and the other end resting 
on a block, becomes an inclined plane. 

This machine, being both useful and easily constructed, is 
in very general use, especially where heavy bodies are to be 
raised only to a small height. Thus a man, by means of an 

In compound machines, how much of the power must be allowed for the 
friction 1 How may a man raise himself up by means of a rope and single 
fixed pulley 1 What is an inclined plane ? 
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plane, which he can readily construct with a hoard, 
or couple of bars, can raise a load into his wagon, which ten 
men could not lift with their hands. 

The power required to force a given weight up an inclined 
plane, is in a certain proportion to its height, and the length of 
Its base, or, in other wonis, the force must be in proportion to 
the rapidity of its inclination. 

Fig. 69. The power o, fig. 69, 

pulling a weight up tifie 
inclined plane, from c to 
(Z, only raises it in a per- 
pendicular direction from 
e to d, by acting along 
the whole length of the 
plane. If the plane be 
' twice as long as it is high, 

that is, if the line from c to (2 be double the length of thai from 
e to <2, then one pound atp will balance two pounds any where 
between d and c. It is evident, by a glance at this ng., that 
were the base, that is, the line from t to c, lengthened, the 
height from e\.o d beins the same, that a less power at jr, 
would balance an equal weight any where on the inclined 
plane ; and so, on Uie contrary, were the base made shorter, 
that is, the plane more steep, the power must be increased in 
proportion. 

Fig. 70. Suppose two inclined planes, 

fi^. 70, of the same height, 
with bases of different lengms; 
then the weight and power 
will be to each other as the 
length of the planes. If the 
length from a to 5, is two feet, 
and that from h to c, one foot, 
then two pounds at d will balance four pounds at v?, and so in 
this proportion, whether the planes be longer or shorter. 

The same principle, with respect to the vertical velocities 
of the weight and power, applies to 'the inclined plane, in com- 
mon with the other mechanical powers. 

On what occasions is this power chiefly used 1 Suppose a man wants to 
load a barrel of cider into his wagon, how does he make an inclined plane 
fcr this purpose 1 To roll a siven weight up an inclined plane, to. what most 
the ihroe be proportioned 1 Explain fig. G9. If the lengtn of tne long plane^ 
fig. 7D, be doable that of the short one, what must be the pcop(nrti0n betweeD 




Vig. 7L Snppou the inclined pUne, fig, 

171, to be two feet from ato b, and 
one foot 'from c to b, then, as we 
have already aeen by fig. 69, a pow- ' 
er of one pound at p, would bal- 
ance a weight of two pounds at lo. 
Now, in the fall of the pcwer to 
draw up the weight, it is ohTious 
I that its vertical descent must he just 
yjQ twice the vertical ascent of the 
weight ; for the power must f^l 
down the distance from a to&, to draw the weight that dis- 
tance ; but the vertical height to which Uie weight ir ia raised, 
ia only from c to 6. Thws the power, being two pounds, rotwt 
fid) two feet, to raise the weight, four pounds, one foot ; and 
dius the power and weight, multiplied by the sereral velo- 




cities, are equal. 
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The next simple mechanical power ia the vxdge. This 
instnmtent may be considered aa two inclined planes, placed 
base to base. It is much employed for die purpose of split- 
tinir or dividing^olid bodies, such as wood and stone. 

ng. 72. Fig. 12 represents such a wedge aa is usnally 

employed in cleaving timber. This instrument u 
also used in raising snips and preparing them to 
launch, and for a variety of other puiposea. 
Nails, awls, needles, and manj' cutting mstru- 
ments, act on the prmciple of this machine. 

There is much aifficulty in estimating the pow- 
er of the wedge, sinCe this depends on the force, 
or the number of blows given it, together with 
the obliquity of its sides. A wedge of great ob- 
hquity would require hard blows lo drive it for- 
ward, for the same reason that a plane much in- 
clined, requires much force to roD a heavj- body 
upiL But were the obliquity of the wedge, and 



Whit ii ukl of the arailicalion of tbe hw ofteiticBl Tdocittn to the in- 
dued ^ine 1 EiplUQ &. W. and Aavr why the power muA &L twice bs 
bi u the wdght lisei. On what {ninciple doea the wedge acfl In what 
ouei li t)u> potrei okAiI 1 What commiui inMroments act Ml the prindple 
ofllMW«dj[Bl What difficullyii there in estimating tba power of tlw wedge 1 
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die force of each blow given, still it would be difficult to as- 
certain the exact power of the wedge in ordinary cases, for, 
in the splitting or timber, and stone, for instance, the divided 
parts act as levers, and thus greatly increase the power of the 
wedge. Thus, in a log 'of wood, six feet long, when split one 
half of its length, the other half is divided with ease, because 
die two parts act as levers, the lengths of which constantly in- 
crease, as the cleft extends from the wedge. 

The Screw, 
The screw is the fifth and last simple mechanical power. 
It may be considered as a modification of the inclined plane, 
or as a winding wedge. It is an inclined plane running spi-' 

rally round a spindle, as will be seen 
by fig. 73. Suppose a to be a piece 
of paper cut into the form of an in- 
clined plane, and rolled round the 
piece of wood d; its edge would 
form the spiral line, called the 
thread of the screw. 

If the finger be placed between 
the two threads of a screw, and the 
screw be turned round once, the 
finger wUl be raised upward equal tu the distance of the two 
threads apart In this manner the finger is raised up the in- 
clined plane, as it runs round the cylinder. 



Pig. T3. 




Fig. 74. 




The power of the screw is trans- 
mitted and employed by means of 
another screw called the nut, through 
which it passes. This has a spiral 
groove running through it, which ex- 
actly fits the thread of the screw. 

If the nut is fixed, the screw itself 
on turning it round, advances forward ; 
but if the screw is fixed, the nut, when 
turned, advances along the screw. 

Fig. 74, Represents the first kind of 
screw, being such as is commonly 
used in pressing paper^ and other 
substances. The nut, n, through which 



On what principle does the screw act ? How is it shown that the screw 
iaa modificaUon of die inclined plane 1 Explain fig. 74. 'Whidh is the screw, 
and which the nut 1 





aaswen abo tor one of Hie beams of One 

If Ihe floev be turned to the rights it will advance 

while the nut stands stilL 

I%-7S. A screw of the second kind ii 

S-^ represented, by fig. 7b. In tfiis, 

the screw is ixea, while the niit, 
n, by being turned by the lever, /, 

I from left to right, will advance 

3 down the screw. 

In practice, the screw is never 
used as a simple mechanical ma- 
chine; the power being always 
applied by means of a lever, pass- 
ing through the head of the screw, 
as in fig. 74, or into the nut, as in 
fig. 75. 

The screw, therefore,, acts with 
the combined power of the inclined plane and the lever, and 
its force is such as to be limited only by the strength of the 
materials of which it is made. 

In investigating the efiects of this machine, we must, there- 
fore, take into account both these simple mechanical powers, 
so that the screw now becomes really a compound engine. 

In the inclined plane, we have already seen, that the less it 
is inclined, the more easy is the ascent up it In appjpng the 
same principle to the screw, it is obvious, that the greater the 
distance of the threads from each, other, the more rapid the 
inclination, and consequently, the greater must be the power 
to turn it, under a given weight. On the contrary, if the 
thread inclines downwards but slightly, it will turn witli less 
power, for the same reason that a man can roll a heavy weight 
up a plane but little inclined. Therefore, the finer the screw, 
or the nearer the threads to each other, the greater will be the 
pressure under a given power. 

Let us suppose two screws, the one having the threads one 
inch apart, and the other half an inch apart ; then the force 
which the first screw will give with the same power at the -- 

Which way must the screw he tumed, to make it advance through the 
nut 1 How ooes the screw, %. 75^ differ fVom %. 74? ' Is the screw ever 
used as a suni^e machine 1 By what other simple power is it moved 1 What 
two simple mechanical powers are concerned in the Ibroe of the screw 1 
■Why does the neaxness of the threads make a differepee in the fimae of titn 
screw? 



SCREW. 89 

lerer will be only half that given by the second. The second 
screw must be turned twice as many times round as the first, 
to go tlirough the same space, but What is lost in velocity is 
gained in power. At the lever of the; first, two men would 
raise a given weight to a giveu height by making one revolu- 
tion ; while at the lever of the second, one man would raise 
the same weight to the same height, by making two revolu- 
tions. 

It is apparent that the length of the inclined plane, up 
whicl^a body moves in one revolution, is the circumference 
of the screw, and its height, the interval between the threads. 
The proportion of its power would therefore be " as the cir- 
cumference of the screw, to the distance between the threads, 
so is the weight to the power." 

By this rule the power of the screw alone can be found ; 
but as this machine is moved by means of the lever, we must 
estimate its force by the combined power of both. In this 
case, the circumference described by the end of the lever em- 
ployed, is taken, instead of the circumference of the screw 
itself. The means by which the force of the screw may be 
found, is therefore by multiplying the circumference which the 
lever describes by tne power. Thus, *' the power multiplied 
by the circumference which it describes, is equal to the weight 
or resistance, multiplied by the distance between the two contig' 
uous threads.^^ Hence the efficacy of the screw may be in- 
creased, by increasing the length of the lever by which it is 
turned, or by diminishing the distance between the threads. 
If, then, we know the length of the lever, the distance between 
the threads, and the weight to be raised, we can readily cal- 
culate the power ; or, the power being given, and the distance 
of the threads and the length of the lever known, we can es- 
timate the weight the screw will raise. 

Thus, suppose the length of the lever to be forty inches, the 
distance of the threads one inch, and the weight 8000 pounds ; 
jrequired the power, at the end of the lever, to raise the weight. 

The lever being 40 inches, the diameter of the circle, which 

^■1 ...I ■■■■■■■■ ■! I,, I ■■■■^ I ■■■>■ ■ ■ ■■■■ I ■ I ■ ..11 — ^— iMi^ 

Suppose one screw, with its threads one inch apart, and another half an 
bich apart, what will be their difference in force 1 What is the length of 
the inclined plane up which a body moves by one revolution of the screw 1 
What would be the height to which the same body would move at one levo- 
hition 7 How is the force of the screw estimated 7 How may the efficacy 
of the screw be increased 7 The length of the lever, the distance between 
Ihe threads, and the weight, being known, how can the power be ibund 1 
Give an exami^ 

8* 
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the end descnbes, is 80 inches. The circumference is a lit- 
tle more than three times the diameter, hut we will call it 
just three times. Then 80x3'=240 inches, the circumfer- 
ence of the circle; The distance of the threads is 1 inch, and 
the weight ^000 pounds. To find the power, multiply the 
weight by the distance of the threads, and divide by the cir- 
cumference of the circle. Thus 

ciicum. in. weight, power. 

340 + 1 :: 8000 = 33* 
The power at the end of the. lever must therefore ne 33| 
pounds. In practice this power would require to be increas- 
ed about one third, on account of friction. 

The force of the screw is sometimes employed to turn a 
wheel, by acting on its teeth. In this case it is called the 
perpetual screw. 

Fig. 76. Fig. 76 represents such a ma- 

n^^^ chine. It is apparent, that by turn- 
ips inff the crank c, the wheel will re- 
=a volve, for the thread of the screw 
passes between the cogs of the 
wheel. By me^ns of an axle, 
through the centre of this wheel, 
like the common wheel and axle, 
this becomes an exceedingly pow- 
erful machine, but like all othei 
contrivances for obtaining great 
power, its effective motion is ex 

ceedingly slow; It has howevei 

some disadvantages, and particulany the great friction between 
the thread of the screw and the teeth of Uie wheel, which pre- 
vents it from being generally employed to raise weights. 

We have now enumerated and described all the mechani 
cal powers usually denominated simple. They are five in 
number, namely, the Lever, Wheel and Axle, PuDey, Wedge, 
Inclined Plane, and Screw. 

In respect to the principle on which they act, they may be 
resolved into three simple powers, namely, the lever, the in- 
clined plane, and the pulley ; for it has been shown that the 
wheel and axle is only anofiier form of the lever, and that the 
screw is but a modification of the inclined plane. 

What is the screw called when it is employed to turn a wheel? What m 
the object of this machine for raising weights 1 How mary simple mechft* 
nical powecs aie there ? and what are they called 1 Haw can thqf be re- 
ftolvtnl into three simple powem ? 
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. Il is diirprifling indeed^ ttiat thede simple powers can be so 
Arranged and modified, as to produce the diilbreht actions in 
ttU that vast variety of mti^tcate mftdhlnery which men have 
invented and constructed. 

The variety of motions we witness in the little engine which 
makes cards, by bein^ supplied with wire for the teeth, atid 
strips of leather to stick them through, would itself seem to 
involve inor** mechanical powers Uian those enumerated. 
This engine takes the wire from a reel, bends it into the form 
of teeth ; cuts it off; makes two holes in the leather for the 
tooth to pass through ; sticks it through ; then gives it another 
bend, on the opposite side of the leather ; graauates the spa- 
ces between the rows of teeth, and between one tooth and 
another; and at the same time, carries the 'leather backwards 
and forwards, before the point where the teeth are introduced, 
with a motion so exactly corresponding with the motions of 
the parts which make and stick the teeth, as not to produce 
the difference of a hair's breadth in the distance between them. 

All this is done without the aid of liuman hands, any far- 
ther than to put the leather in its place, and turn a crank ; or, 
in some instances, many of these machines are turned at once, 
by means of three or four dogs, walking on an inclined plane 
which revolves. 

Such a machine displays the wonderful ingenuity and per- 
severance of man, and at first sight would seem to set at 
naught the idea that the lever and wheel were the chief sim- 
ple powers concerned in its motions. But when these motions 
are examined singly and deliberately, we are soon convinced 
that the wheel, variously modified, is the principal mechanical 
power in the whole engine. 

It has already been stated, that notwithstanding the vast 
deal of time and ingenuity which men have spent on the con- 
struction of machinery, and in attempting to multiply their 
powers, there has, as yet, been none produced, in which the 
power was riot obtained at the expense of velocity, or veloci- 
ty at the expense of power ; and therefore no actual force is 
ever generated by machinery. 

Suppose a man able to raise a weight by means of a com- 
pound pulley of ten ropes, which it would take ten men to 

What is said of the caud-midiiig machine ? What are the ehief mechani- 
ml powers concerned in its motions'? Is there any actual force generated 
<cij madiinery 1 Can great velocity and gnat ftoroe be prodnced by the samfe 
aaacbineiy 1 Why mt ? 
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by one rope, wkhont pulleys, tf the weight is to h» 
nised a yard, the ten men by pulling their rope a yard will do 
the work. But the man with the puUeys must draw his rope 
ten yards to raise the weight one yard, and in addition to this« 
he has to overcome the tiiction of the ten pulleys, making 
about one third more actual labor than was employed by the 
ten men. But notwithstahding these inconveniences, the use 
of machinery is of vast importance to the world. 

On board of a ship, a few men will raise an anchor with a 
capstan, which it would take ten or twenty times the same 
number to raise without it, and thus the expense of shipping 
men expressly for this purpose is saved. 

One man with a lever, may move a stone which it would 
take twenty men to move without it, and though it should take 
him twenty times as long, he would still be the gainer, since 
it would be more conveniejit, and less expensive for him to do 
the work himself, than to employ twenty others to do it for 
him. 

When men employ the natural elements as a power to over- 
come resistance by means of machinery, there is a vast saving 
of animal labor. Thus mills, and all kinds of engines, which 
are kept in motion by the power of water, or wind, or steam, 
save animal labor equal to the power it takes to keep them in 
motion. 



HYDROSTATICS. 

Hydrostatics is the science which treats of the weight, 
pressure, and equilibrium of water, or other fluids, when m a 
state of rest. 

Hydraulics is that part of the science of fluids which treats 
of water in motion, and the means of raising and conducting 
it in pipes, or otherwise, for all sorts of purposes. 

The subject of water at rest, will first claim investigation^ 
since the laws which regulate its motion will be best under- 
stood by first comprehending those which regulate its precK 

fure. 

k fiuid is a substance whose particles are easily moved 
imong each other, ^s air and water. 

'WluchperformB the greatest labor, ten men who Git a weight with their 
hsik or oie oiaa who does the same with ten puUeys 1 Whyl What is 
Vs^rartv^l Bow does hydraulics differ from hydroetatict 1 What k a fluid 1 
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IRie air is called an elastic Huid, because it is easfly com<* 
pressed into a smaller bulk, and returns again to its original 
state when the pressure is remorede Water is railed a non- 
elastic fluid, because it admits of little diminution of bulk 
under pressure. 

The non-elastic fluids, are perhaps more properly called 
limiidSi but both terms are employed to signify water and 
other bodies possessing its mechanical properties. The term 
fluid, when applied to the air, has the word elastic before it. 

One of the most obvious properties of fluids, is the facility 
with which they yield to the impressions of other bodies, anii 
the rapidity with which they recover their former state, when 
the pressure is removed. The cause of this, is apparcnUy 
the freedom with which the particles of liquids slide over, or 
amons^ each other ; their cohesive attraction being so slight 
as to be overcome by the least impression. On this want of 
cohesion among their particles seem to depend the peculiar 
mechanical properties of these bodies. 

In solids, there is such a connexion between the particles, 
that if one part moves, the other part must move also. But 
in fluids, one portion of the mass may be in motion, while the 
other is at rest In solids, the pressure is always downwards, 
or towards the centre of the earth's gravity ; but in fluids the 
particles seem to act on each other as wedges, and hence, 
when confined, the pressure is sideways, and even upwards, 
as well as downwards. * 

Fig. 77. Water has commonly been called a non-elastic sub- 
stance, but it is found that under great pressure its 
volume is diminished, and hence it is proved to be 
elastic. The most decisive experiments on this sub- 
ject were made within a few years by Mr. Perkins, 
•y*. The experiments were made by means of a hollow 

4-1 A cylinder, fig. .77, which was closed at the bottom, and 
made water tight at the top, by a cap, screwed on. 
Through this cap at a, passed the rod i, which was 
five sixteenths of an inch in diameter. The rod was 
so nicely fitted to the cap, as also to be water ti^ht. 
Around the rod at c, there was placed a flexible nng, 
which could be easily pushed up or down, but fitted so 
closely as to remain on any part where it was placed 

What 18 an elastic fluid 1 Why is air called an elastic fluid 1 What 
substances are called liquids ? What is dne of the most obvious properties 
of liquids? On what do the peculiar mechanical properties of fluids depend ^ 
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A cannon of snfiident size to receive this cylinder, which 
was three inches in diameter, was furnished with a strong 
cap and forcing pump, aud set vertically into the ground. The 
cannon and cyhnder were next filled with water, and the cylin- 
der, with its rod drawn out, and the ring placed down to the 
cap, as in the figure, was plunged into the cannon. The 
water in the cannon was then subjected to an immense pres- 
sure by means of the forcing pump, after which, on examina- 
tion 01 the apparatus, it was found that the ring c, instead of 
being where it was placed, was eight inches up the rod. The 
water in the cylinder being compressed into a smaller space, 
by the pressure of that in the cannon, the rod was driven in, 
while under pressure, but was forced out again by the expan- 
sion of the water, when the pressure ^vas removed. Thus the 
ring on the rod would indicate the distance to which it had 
been forced in, during the greatest pressure. 

This experiment proved that water under the pressure of 
one ^ousand atmospheres, that is, the weight of 15000 pounds 
to the square inch, was reduced in bulk about one part in 
24. 

So slight a degree of elasticity under such immense pres- 
sure, is not appreciable under ordinary circumstances, and 
therefore in practice, or in common experiments on thb fluids 
water is considered as non-elastic. 

Equal ^pressure of Water. 

The particles of water, and other fluids, when confined, 
press on the vessel which confines them, in all directions, both 
Upwards, downwards, and sideways. 

From this property of fluids, together with their weight, oi 
gravity, very unexpected and surprising eflects are produced 

The effect of this property, which we shall first examine, is, 
that a quantity of water, however small, will balance another 
quantity however large. Such a proposition at first thought 
might seem very improbable. But on examination, we shall 
find that an experiment with a very simple apparatus will con 
vince any one of its truth. Indeed, we ^e very day see thia 
principle established by actual experiment, as will be seen 
directly. 

In what respect does the pressure of a fluid differ from that of a solid 1 
Is water an elastic, or a non-elaBtic fluid 1 Describe fig. 77, and show h&w 
water was found to be elastic. In what proportion does the bulk of water 
dindnish under a pressure of 15000 pounds to the souaie inch 1 In common 
experiments, is water considered elastic, or non-elastic? When water is 
ounfiiied, in what direction docs it press? 
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F%* "^ Fig. 78» represents a common coffee-pot, 

supposed to be filled up to the dotted line a, 
with a decoction of coffee, or any other 
liquid. The coffee, we know, stands exactly 
at the same height, both in the body of the 
pot, and in its spout. Therefore, the smaJl 
quantity in the spout, balances the large 
quantity in the pot, or presses with the same 
force downwards, as that in the body of the pot presses up- 
wards. This is obviously true, otherwise, the large quantity 
would sink beloAv the dotted line, while that in the spout would 
rise above it, and run over. 

Fig. 79. The same principle is more strikingly 

illustrated by fig. 79. 
I & Suppose the cistern a to be capable of 

I .^ holding one hundred gallons, and into its 

bottom there be fitted the tube 6, bent, as 
J seen in the figure, and capable of contain- 
ing one gallon. The top of the cistern, 
and that of the tube being open, pour wa- 
ter into the tube at c, and it will rise vp 
through the perpendicular bend into the 
cistern, and if the process be continued, 
the cistern will be filled by pouring water 
iLto the tube. Now, it is plain that the gallon of vrater in the 
tube, presses against the hundred gallons in the cistern with a 
force equal to the pressure of the hundred gallons, otherwise 
that in the tube would be forced upwards higher than that in 
the cistern, whereas, we find that the surfaces of both stand 
ezactly^t the same height. 

From these experiments we learn, " that the pressure of a 
fluid is not in proportion to its quantity, but to its height^ and 
that a large quantity of water in an open vessel^ presses 
downwards with no more f&rce, than a small quantity of the 
same height,''^ 

In this respect, the size or shape of a vessel is of no conse- 
quence, for if a number of vessels, differing entirely from each 
other in figure, position, and capacity, have a communication 
made between tnem, and one be filled with water, the sm*- 

— — — - , — ■ ' I I - - 

How does the experiment with the cofTee-pot, show that a small quantity 
of Haloid wifl balance a large onel Exj^ain fig. 79, and show how the press- 
ure in the tube is equal to the pressure in the cistern. What conclusion, or 
genenl truth, is to be drawn m)m these experiments 1 What difiereni» does 
ue shape or size of a vesnd make in rei^iect to the preasore of a fluid <« its 
bottonif 
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laee of die fluid, in aD, wiU be at exactly the same denttion. 
U^ therefore, the water stands at an eoual height in all, the 
p r ca enre in one must be just equal to that in another, and so 

eqoal to that in all the otnera* 

Fig. 8a 




To make this obvious, suppose a number of vessels, of dif- 
ferent shapes and sizes, as represented bv fig* 80, to have a 
communication between them, by means of a small tube, pass- 
ing from the one to the other. If, now, one of these vessels 
be filled with water, or if water be poured into the tube a, all 
the other vessels will be filled, at the same instant, up to the 
line 6, c. Therefore, the pressure of the water in a, balances 
that in 1, % 3, ^c, while the pressure in each of these vessels, 
is equal to that in the other, and so an equilibrium is produced 
throughout the whole series. 

If an ounce of water be poured into the tube a, it will pro- 
duce a pressure on the contents of all the other vessels, equal 
to the pressure of all the others on the tube ; for, it will force 
the water in all the otlfer vessels to rise upwards to an equal 
height with tliat in the tube itself. Hence we must conclude, 
that the pressure in each vessel, is not only equal to that in 
any of the others, but also that the pressure in any one, is 
equal to that in all the others. 

From this we lcarn« that the shape or size of a vessel has 
no influence on the pressure of its liquid contents, but that the 
pressure of water is as its height, whether the quantity be 
great or small. We learn also, that in no case will the weight 
of a quantity of liquid, however large, force another quantity, 
however smaU, above the level of its own surface. 

Explain fig. 80, and show how the equiEbritim is produced. Suppose an 
ODDoe of water be poured into the tube a^ what wiU .oe its effect on toe con- 
tents of the other vessels? What conclusion ii to be drawn firmn pouriog tha 
oonoe of water into the tube a 1 
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-'This is proved by experiment; for if, from a pond sittntled 
on a momitain, water be conreyed in an inch tabe to the vaUey 
an hmidred feet below, the water will rise just a hundred feet 
in ^e tube ; that is, exactly to the level of the surface of the 
pond Thus the water in the pond, and that in the tube, press 
equally against each other, and produce an exact equilibriuuL 
Thus far we have considered the fluid as acting only in ves- 
sels with open mouths, and therefore at Uberty to seek its ba- 
lance, or equilibrium by its own gravity. Its pressure, we 
have seen, is in proportion to its height, and not to its bulk. 

Now, by other experiments it is ascertained that the pres- 
sure of a liquid is in proportion to its height^ and its area at 
the base. 

Fig. 81. Suppose a vessel ten feet high, and 

two feet in diameter, such as is repre- 
sented at a, fig. 81, to be filled with 
water; there would be a certain amount 
of pressure, say at c, near the bottom. 
Let d represent another vessel, of the 
same diameter at the bottom, but only 
a foot high, and closed at the top. 
H Now if a small tube, say the four^ oi 
an inch in diameter, be inserted into 
the cover of the vessel d, and this tube 
be carried to the height of the vessel 
a, and then the vessel and tube be fill- 
ed with water, the pressure on the bot- 
^ toms and sides of both vessels to the 
same height will be equal, and jets of 
water starting from d, and c, will have exactly the same force. 
This might at first seem improbable, but to convince our- 
selves of its truth, we have only to consider that any impres- 
sion made on one portion of the confined fluid in the vessel 
d, is instantly communicated to the whole mass. Therefore, 
the water in the tube b presses with the same force on every 
other portion of the water in (2, as it does on that small portion 
Tvev which it stands. 
This principle is illustrated in a very striking manner by 

Wkat is the reason that a laige quantity of water will not foioe a small 
mantity above its own levd? Is the fi>ioe of water in proportion to its 
bei^rt, or its quantity 1 How is a small quantity of water shown to preae 
eqiuJ to a large quantity by fig. 81 % Explain tlie reason why the presBOie 
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die experiment, winch has often been made, of bunting ihe 
strongest wine cask with a few ounces of water. 

Fi^. 83. Suppose a, fig. 8% to be a strong cask already 

I filled with water, and suppose the tube i, thirty 

feet high, to be screwed, water tight, into its 
head. When water is poured into the tube, so 
as to fill it gradually, the cask will show increas 
ing siffns of pressure, by emitting the water 
through the pores of the wood, and between the 
joints : and muilly as the tube is fiUed, the cask 
will burst asunder. 

The same apparatus will serve to illustrate the 
upward pressure of water ; for if a small stop- 
cock be fitted to the upper head, on turning this, 
when the tube is filled, a jet of water will spirt 
up with a force, and to a height that will aston- 
ish all who never before saw such an experi 
ment 

In theory, the water will spout to the same 
height with that which gives the pressure, but in 
practice, it is found to fall short, in the following proportions : 
If the tube be twenty feet high, and the orifice for the jet 
half an inch in diameter, the water will spout nearly nineteen 
feet. If the tube be fifty feet high, the jet \^ill rise upwards 
of forty feet, and if an hundred feet, it will rise above eighty 
feet, it is understood in every case, that the tubes are to bie 
kept full of water. 

The height of these jets show the astonishing effects that a 
small quantity of fluid produces when pressing from a perpen- 
dicular elevation. 

An instrument called the hydrostatic bellows, also shows, 
in a striking manner, the great force of a small quantity of 
water, pressmg in a perpendicular direction. 

This instrument consists of two boards, connected together 
with strong leather, in the manner of the common bellows. 
It Is then furnished with a tube a, ^g. 83, tvhich communi- 
cates between the two boards. A person standing on the 
upper board, may raise himself up by pouring water into the 
tube. If the tube holds an ounce of water, and has an area 

^ - — - I II .1 - - - 

How is the same principle illustrated by fig. 83 1 How is the upward 
pressure of water illustrated by the same apparatus 1 Under the pressure ol 
a cohunn of water twenty feet high, what will be the height of the jet 1 
Under a pressuie of a hundred iee^ how high will it rise ? 
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Fig. 84. 



^* ®* equal to a thousandth part of the area 

of the top of the hellows, one ounce of 
water in the tube will balance a thou- 
sand ounces placed on the bellows. 

This property of water was applied 
bjr Mr. Bramah to the construction of 
his hydraulic press. But instead of a 
high tube of water, which in most cases 
could not be readily obtained, he sub- 
stituted a strong forcing pump, and in- 
stead of the leather bellows, a metallic 
pump barrel, and piston. 

This arrangement will be understood 
by fig. 84, where the pump barrel, a, 5, 
is represented as divided lengthwbe, in 
order-'to show the inside. The 
piston, c, is fitted so accurately 
to the barrel, as to work up and 
down water tight; both barre. 
and piston being made of iron. 
The thing to be broken, or 
pressed, is laid on the flat sur- 
face, t, there being above this, 
a strong frame to meet the 

Eressure, not shown in the 
^re. The small forcing pump, 
of which d is the piston, and h 
the lever by which it is worked, is also made of iron. 

Now, suppose the space between the small piston and the 
large one, at Wj to be filled with water, Ijien, on forcing down 
the small piston, cZ, there will be a pressure against the larffe 
piston, c, the whole force of which will be in^proportion as the 
aperture in which c works, is greater than that in which d 
works. If the piston, d, is half an inch in diameter, and the 
piston, c, one foot in diameter, then the pressure on c will be 
676 times greater than that on d. Therefore, if we suppose 
the pressure of the small piston to be one ton, the large piston 
will be forced up against any resistance, with a pressure equal 

What 18 the hydrostatic bellows 7 What property of water is this instm- 
ment designed to showl Elxplain fig. 84. Where is the piston ? Which is 
the piimpl>aTreI, in which it works f In the hydrostatic press, what is the 
proportion between the pressnie given by the snuJl piston, and the finoe ez- 
Mted <m the large onel 
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to the weight of 576 tons. It would be easy for a single mas 
to give the pressure of a ton at d, by means of the lever, and 
therefore a man» with this engine, would be able to exeit a 
force equal to the weight of near 600 tons. 

It is evident, that the force to be obtained by this principle, 
con only be limited by the strength of the materials of which 
the engine is made. Thus, if a pressure of two tons be given 
to a piston, the diameter of which is only a quarter of an inch, 
the force transmitted to the other piston, if three feet in dia- 
meter, w;ould be upwards of 40,000 tons ; but such a force is 
much too great for the strength of any material with which 
we are acquainted. 

A small quantity of water, extending to a great elevation, 
would ffive the pressure above described, it being only for the 
sake ofconvenience, that the forcing pump is employed, in- 
stead of a column of water. 

There is no doubt, but in the operations of nature, great 
effects are sometimes produced among mountains, by a small 
quantity of water finding its way to a reservoir in the crevices 
of the rocks far beneath. 

Fig. 85. Suppose, in 

the interior oi 
a mountain, fig. 
85, there should 
be a space of 
10 yards square, 
and an inch 
deep, filled with 
water, and clo 
sed up on all 
sides; and sup- 

^—-^ pose that in the 

course of time, a small fissure, no more than an inch in dia- 
meter, should be opened by the water, from the height of two 
hundred feet above, down to this little reservoir. The con- 
sequence might be, that the side of the mountain would burst 
asunder, for the pressure, undef the circumstances supposed, \ 
would be equal to the weight of five thousand tons. 

What is the estimated force which a man could ^ve by one of these en- 
gines 1 - If the pressure of two tons be made on a piston of a quarter of an 
indi in diameter, what will be the force transmitted to the other piston of 
three feet in diameter"? What is said of the pressure of water in the crevioeft 
of mountains, and the consequences ? 
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Water Level, 

We have seen, that in whatever situation water is placed, it 
always tends to seek a level. Thus, if several vessels com- 
municating with each other be filled with water, the fluid will 
be at the same height in all, and the level will be indicated by 
a straight line drawn through all the vessels, as in fier. SO. 

It is on the principle of Siis tendency, that the little instru- 
ment called the wAter level is constructed. 

Pig. 86. ' The form of this instru 

ment is represented by fig. 
86. It consists of a, ft, a 
tube, with its two ends 
turned at right angles, and 

left open. Into one of the 

ends is poured watei; or mercury, until the fluid rises a little 
in the angles of tiie tube. On the surface of the fluid, at 
each end, are then placed small floats, carrying upright frames, 
across which are drawn small wires or hairs, as seen' at c and 
d. These hairs are called the sights, and are across the line 
of the tube. 

It is obvious that this instrument will always indicate a le- 
vel, when the floats are at the same height, in respect to each 
other, and not in respect to their comparative heights in the 
ends of the tube, for if one end of the instrument be held 
lower than the other, still the floats must always be at the same 
height. To use this level, therefore, we have only to bring the 
two sights, so that one will range with the other ; and on pla- 
cing the eye at c, and looking towards d, this is determined in 
a moment 

This level is indispensable in the construction of canals and 
aqueducts, since the engineer depends entirely on it, to ascer- 
tain whether the virater can be carried over a given hill pr 
mountain. ^ 

Pjg. 87. The common spirit level consists of 

a glass tube, fig. 87, filled with spirit of 
wine, excepting a small space in which 
there is lefl; a bubble of air. This 
bubble, when the instrument is laid on 



On what pifnciple 10 the water-level constracted ? peseribe the maimer 
in which the levd with ngfats is used, and the reason why the floats win al- 
ways be at the same hdght What is the use of the level 1 Deaciibe the 
oommoQ spirit level, and the method of nnng it 
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a level sur&ce, will be exactly in the middle of the tube, ancl 
therefore to adjust a level, it is only necessary to bring the 
babble to this position. 

The glass tube is enclosed in a brass case, which is cut out 
on the upper side, so that the bubble may be seen, as repre- 
sented in the figure. 

This instrument is employed by builders to level their work, 
and is highly convenient for that purpose, since it is only ne- 
cessary to lay it on a beam to try its level. 

Specific Gravity. 

If a tumbler be filled with water to the brim, and ah egs, or 
any other heavy solid, be dropped into it, a quantity of the 
fluid, exactly equal to the size of the egg, or other solid, will 
be displaced, and will flow over the side of the vessel. Bodies 
which sink in water, therefore, displace a quantity of the fluid 
^ual to their own bulks. 

Now, it is found, by experiment, that when any solid sub- 
stance sinks in water, it loses, while in the fluid, a portion of 
its weight, just e(|ual to the weight of the bulk of water which 
it disp&ces. This is readily made evident by experiment 

Fig. 88. Take a piece of ivory, or 

any other substance that wiU 
sink in water, and weigh it 
accurately in the usual man^ 
ner; then suspend it by a 
thread, or hair, in the empty 
cup a, fig. 88, and then ba- 
lance it, as shown in the 
figure. Nowpour water into 
the cup, and.it will be found 
that the suspended body will 
lose a part of its weight, so 
that a certain number of grains must be taken from the oppo- 
site scale, in order to make the scales balance as before the 
water was poured in. The number of grains taken from the 
opposite scale, show the weight of a quantity of water equal 
to the bulk of the body so suspended. 

When a sotid is weighed in water, why does it lose a part of its weight 9 
How much less will a cubic inch of any substance weigh in water than in 
air % Hbw is it proved by %. 88, that a brdy wdghs less in water than in 
air? What Is the qiecific grawityaf a bod^7 How are the specifio gravitu» 
«f solid bodies taken 1 
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Tt is on the principle, that bodies wei^h less in the water^ 
than they do when weighed out of it, or m the air, that water 
becomes the means of ascertaining their specific gravities, for 
it is by comparing the weight of a body in the water, with what 
it weighs out of it, that its specific gravity is determined. 

Thus, suppose a cubic inch of gold weighs 19 ounces, and 
on being weighed in water, weighs only 18 ounces, or loses a 
nineteenth part of its weight, it will prove that gold, bulk for 
bulk, is nineteen times heavier than water, and tnus 19 would 
be the specific gravity of gold. And so if a cube of copper 
wdgh 9 ounces in the air, and only 8 ounces in the water, 
then copper, bulk for bidk, is 9 times as heavy as water, and 
therefore has a specific gravity of 9. 

If the body weigh less, bulk for bulk, than water, it is obvi- 
ous that it will not sink in it, and therefore weights must be 
added to the lighter body, to ascertain how much less it weighs 
than water. 

The specific gravity of a body, then, is merely its weight, 
compared with me same bulk of water ; and water is thus 
made the standard by which the weights of all other bodies 
are compared. 

To take the specific gravity of a solid which sinks in water, 
first weigh the body in the usual manner, and note down the 
number of grains it weighs. Then with a hair, or fine thread, 
suspend it from the bottom of the scale*dish, in a vessel of 
water, as represented by fig. 88. As it weighs less in water, 
weights must be added to the side of the scale where the body 
is suspended, until they exactly balance each other. Next 
note down the number of grains so added, and they will show 
the difierence between the weight of the body in air, and in 
water. 

It is obvious, that the greater the specific gravity of the body, 
the less, comparatively, will be this difierence, because each 
body displaces only its own bulk of water, and some bodies of 
the same bulk, will )\'eigh mai^y times as much as others. 

For example, we will suppose that a piece of platina, weigh- 
ing 22 ounces, will displace an ounce of water, while a piece 
of silver, weighing 22 ounces, will displace two ounces of 
water. The platina, therefore, when suspended as above de- 
scribed, win require one ounce to make the scales balance. 

Why does a heavy body wdgh oomparative]|y less in the water than a 
fightone'^ 
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while the same weight of silver will require two ounces foi 
the same purpose. The platina, therefore, bulk for bulk, will 
weiffh twice as much as the silver, and will have twice as 
mudi specific gravity. 

Having noted down the difference between the weight of 
the body in air and in water, as above explained, the specific 
gravity is found by dividing the weight in air, by the loss in 
water. The greater the loss, thereiore, the less will be the 
specific gravity, the bulk being the same. 

Thus, in the above example, 22 ounces of platina was sup- 
posed to lose one ounce in water, while 22 ounces of silver 
lost two ounces in water. Now 22, divided by 1, the loss of 
the platina, is 22 ; and 22 divided by 2, the loss in the silver, 
is 11. So that the specific gravity of platina is 22, while that 
of silver is 11. The specSic gravities of these metals, are, 
however, a little less than here estimated. [For other meihads 
of taking specific gravity, see Chemistry.] 

Hydrometer. 

The hydrometer is an instrument, by which the spjecific 
gravities of fluids are ascertained, by the depth to which it 
sinks below their surfaces. 

' Suppose a cubic inch of lead loses, when weighed in water, 
253 grains, and when weighed in alcohol, only 209 grains, 
then, according to the principle already recited, a cubic inch 
of water actually weigns 253, and a cubic inch of alcohol 
209 grains, for when a body is weighed in a fluid, it loses just 
the weight of the fluid it displaces. 

Water, as we have already seen, is the standard by which 
the weights of other bodies are compared, and by ascertaining 
what a given bulk of any substance weighs in water, and then 
what it weighs in any other fluid, the comparative weight of 
water and this fluid will be known. For if, as in the above 
example, a certain bulk of water weighs 253 grains, and the 
same bulk of alcohol only 209 ffrains, then alconol has a spe- 
cific gravity, nearly one fourth less than water. 

It 13 on Uiis principle that the hydrometer is constructed. 

Haying taken the difference between the wekrht of a body in air and in 
water, by what rule is its specific gravity found f Give the example stated, 
and show how thefflference between the specific gravities of platina and olver 
is ascertained. What is the hydrometer f Suppose a cuinc inch of any sub- 
stance weighs 353 grains less in water than in air, what is the actual weight 
pf a cubic ucfa of water 1 On what principle is the hydrometer fiwmiM 1 
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Fig. 89. 




It is composed of a hollow ball of glass, or metal, with a gra- 
duated scale rising from its upper part, and a weight on its 
under part, wiiich serves to balance it in the fluid. 

Such an instrument is represented by fig. 
69, of which b is the graduated scale, and a 
the weight, the hollow ball being between 
them. ^ 

To prepare this instrument for use, weights, 
in grains, or half grains, are put into the little 
ball a, until the scale is carried down, so that 
a certain mark on it coincides exactly with the 
surface of the water. Th is mark then becomes 
the standard of comparison between water and 
any other liquid, in which the hydrometer is 
placed. If plunged into a fluid lighter than 
water, it will sink, and consequently the fluid 
will rise higher on the scale. If the fluid is 
heavier than water, the scale will rise above 
the surface in proportion, and thus it is ascertained, in a mo- 
ment, whether any fluid has a greater or less specific gravity 
than water. 

To know precisely how much the fluid varies from the stand- 
ard, the scale is marked ofl* into degrees, which indicate grains 
by weight, so that it is ascertained, very exactly, how much 
the specific gravity of one fluid differs from that of another. 

Water bemg the standard- by which the weights of other 
substances are compared, it is placed as the unit, or point of 
comparison, aitdis merefore 1, 10, 100, or 1000, the ciphers being 
added whenever there are fractional parts expressing the speci- 
fic gravity of the body. It is always understood, therefore, that 
the specific gravity of water is 1, and when it is said a body 
has a specific gravity of 2, it is only meant, that such a bod^ 
is, bulk for bulk, twice as heavy as water. If the substance is 
lighter than water, it has a specific gravity of 0, with a frac- 
tional part Thus alcohol has a specific gravity of 0,809, that 
is 809, water being 1000. 



How IS this instrument formeu ? How is the hydrometer prepared for use t 
How is it known, by this instrument, whether the fluid is lighter or heavier 
then water % What is the standard by which the weights of other bodies are 
compared t What is the specific gravity of water 1 When it is said that 
the specific gravity of a body is 2 or 4, what meaning is intended to be 
conveyed 1 
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By means of this instrament, it can be told with great accu* 
rac7 how much water has been added to spirits, for the great- 
er the quantity of water, the higher will the scale rise above 
the surface. 

The adulteration of milk with water, can also be readily 
detected with it, for as new milk has a specific gravity of 103% 
water being 1000, a very small quantity of water mixed with 
it would be indicated by the instrument. (See Specific Gravi- 
ty in Chemistry.) 

The Syphon, 

Take a tube, bent like the letter U, and having filled ft with 
watei, place a finger on each end, and in this state plunge one 
of the ends into a ves3el of water, so that the end in the water 
shall be a little the highest, then remove the fingers, and the 
liquid will flow out, and continue to do so, until the vessel is 
exhausted. 

A tube acting in this manner, is called a syphon, and is re- 
presented by fig. 90. The reason why the water flows from 

the end of the tube a, and conse- 
quently ascends through the other 
part, is, that there is a greater weight 
of the fluid from bto a, than from c 
to hj because the perpendicular 
height from 6 to a is the greatest. 
The weight of the water from 6 to a 
falling downwards, by its gravity, 
tends to form a vacuum, or void 
space, in that leg of the tube ; but 
the pressure of the atmosphere on 
the water in the vessel, constantly 
forces, the fluid up the other leg of the tube, to fill the void 
space, and thus the stream is continued as long as any watei 
remains in the vessel. 

The action of the syphon depends upon the same principle 
as the action of the pump, namely, the pressure of the atmo- 
sphere, and therefore its explanation properly belongs to Pneu- 
matics. It is introduced here merely for the purpose of illus- 
trating the phenomena of intermitting springs ; a subject which 
properly belongs to Pneumatics. 

Alcohol has a specific gravity of 809 ; ^ what, in reference to this, is the spe- 
cific gravity of water 1 In what manner is a syphon made 1 Explain the rea- 
son why the water ascends through one leg of the syphon, and deeoendi 
through the odier. 
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Some springs, situated on the sides of mountains, flow for a 
while with great violence, and then cease entirely. After a 
time they begin to flow again, and then suddenly stop, as be- 
fore. These are called intermitting springs. Among igno- 
rant and superstitious people, these strange appearances nave 
been attributed to witchcraft, or the influence of some super- 
natural power. But an acquaintance with the laws of nature 
will dissipate such ill founded opinions, by showing that they 
owe their peculiarities to nothing more than natural syphons, 
existing in the mountains from whence the water flows. 

Fig. 91. 



Fig. 91 is the section of a mountain and spring, showing 
how the principle of the syphon operates to produce the efiect 
described. Suppose there is a crevice, or hollow in the rbck, 
from a to &, and a narrow fissure leading from it, in the form 
of the syphon b c. The water, from the rills/, e, filling the 
hollow, up to the line ad, it will then discharge itself through 
the syphon, and continue to run until the water is exhausted 
down to the leg of the syphon &, when it will cease. Then 
the water from the rills continuing to run until the hollow is 
again filled up to the same line, the sjrphon again begins to 
act, and affain discharges the contents of the reservoir as be- 
^ fore, and mus the spring p, at one moment, flows with great 
violence, and the next moment ceases entirely. 

The hollow, above the line a d, is supposed not to be filled 
with the water at all, since the syphon begins to act whenever 
the fluid rises up to the bend d. 

What is an Intermitting spring 1 How is the phenomenon of the inter- 
nittiiig spring explained 1 Explain fig. 91, and show the reason why such a 
^ring v:n\ fl^ow, and cease to flow, alternately. 
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During the dry seasons of the year, it is obvious, that snch 
a spring would cease to flow entirely, and would begin again 
only^^en the water from the mountain filled the cavity 
through the rills. 

Such springs, although not very common, exist in various 
parts of the world. Dr. Atwell has described one in the Phi- 
losophical Transactions, which he examined in Devonshire, in 
England. The people in the neifi^hborhood, as usual, ascri- 
bedits actions to some sort of witchery, and advised the doctor, 
in case it did not ebb and flow readily, when he and his friend 
were both present, that one of them should retire, .and see 
what the spring would do, when only the other was present 
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It has been stated, that Hydrostatics is that branch of Natu- 
ral Philosophy, which treats of the weight, pressure, and equi- 
librium of flmds, and that Hydraulics has for its object the 
investigation of the laws which regulate fluids in motion. 

If the pupil has learned the principles on which the pressure 
and equilibrium of fluids depend, as explained under the for- 
mer article, he will now be prepared to understand the laws 
which govern fluids when in motion. 

The pressure of water downwards, is exactly in the same 
proportion to its height, as is the pressure of sohds in the same 
direction. 

8i^)pose a vessel of three inches in diameter has a billet 
of wood set up in it, so as to touch only the bottom, and sup- 
pose the piece of wood to be three feet long, and to weigh 
nuie pounds ; then the pressure on the bottom of the vessel 
will be nine pounds. If another billet of Vood be set on this, 
pf the same dimensions, it will press on its top with tlie 
weight of nine pounds, and the pressure at the bottom will be 
18 pounds, and if another billet be set on this, the pressure at 
the bottom will be 27 pounds, and so on, in this ratio, to any 
height the column is carried. 

Now the pressure of fluids is exactly in the same proportion; 
and when confined in pipes, may be considered as one short 
column set on another, each of which increases the pressure 
of the lowest, in proportio n to their number and heigh t. 

How does the sdence of Hydrostatics difier from that of Hydraulics 'i Does 
the downward pressure of water differ from the downward pressure of solids, 
in proportion 1 How is the downward pressure of water illustrated % 
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Fig. 93. 



Thus, notwithstanding the lateral pressure of 
fluids, their downward pressure is as their heights. 
This fact will he found of importance in tlie inves- 
tigation of the principles of certain hydraulic ma« 
^ chines, and we have therefore endeavoured to im* 
press it on the mind of the pupil by fig. 92. where 
it will be seen, that if the pressure of three feet of 
water be equal to nine pounds on the bottom of 
.^Athe vessel, the pressure of twelve feet will be equal 
to thirty-six pounds. 

The quantity of water which will be discharged 
from an orifice of a given size, will be in propor- 
£]Ftion to the height of the column of water above it, 
for the discharge will increase in velocity, in pro- 
portion to the pressure, and the pressure, we have 
already seen, will be in a fixed ratio to the 
height 

If a vessel, fig. 93, be fil- 
led with water, and three 
apertures be made in its side 
at the points a, h, and c, the 
fluid will be thrown out in 
jets, and will fall towards the 
earth, in the curved lines, a, 
J, and c. The reason why 
these curves difler in sj^ape, 
that the fluid is acted on 




IS, mat me nuia is aciea on 

I by two forces, namely, the 
-oressure of the water above 



•pressure 

the jet, which produces its velocity forward, and the action of 
gravity, which impels it downward. It therefore obeys the 
same laws that solids do when projected forward, and falls 
down in curved lines, the shapes of which depend on their 
relative velocities. 

The quantity of water discharged, being in proportion to 
the pressure, that discharged from each orifice will difler in 
quantity according to the height of the water above it. 

' It is found, however, that the velocity* with which a vessel 

■ ■ ' ■ I III 11 . I II ■ 

Withoat reference to the lateral prestnue, in what proporfion do fluids prew 
dowawaidsl What wHlbethe proportionof a ficdd discharged fiom an ori- 
fice of a given oze 1 Why do the fanes described by the jets fiom the Teasel, 
He. 93, dtSer in Ekxpel 

10 
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dbcharges its contents, does not depend entirely on the.pres- 
snre, but in part on the kind of orifice through which the 
liquid flows. It might be expected, for instance, that a tin 
vessel of a given capacity, witn an orifice of say an inch in 
diameter through its side, would part with its contents sooner 
than another of the same capacity and orifice, whose side was 
an inch or two thick, since the friction through the tin mi^ht 
be considered much less than that presented by the other 
orifice. But it has been found by experiment, that the tin 
vessel does not part with its contents so soon as another vessel, 
of the same height and size of orifice, firom which the water 
flowed through a short pipe. And, on varying the length of 
these pipes, it is found that the most rapid discharge, other 
circumstances being equal, is through a pipe, whose lenrth 
is twice the diameter of its orifice. Sucn an aperture dis- 
charged ^ quarts, in the same time tl^t another vessel of 
tin without the pipe, discharged 62 quarts. 

This surprising difference is accounted for, by supposing 
that the cross currents, made by the rushing of the water from 
diflerent directions towards the orifice, mutually interfere with 
each other, by which the whole is broken, and thrown into 
confusion by the sharp edge of the tin, and hence the water 
issuer in the form of spray, or of a screw, from such an orifice. 
A short pipe seems to correct this contention among opposing 
currents, and to smooth the passage of the whole, ana hence 
we may observe, that from such a pipe, the stream is round 
and well defined. 

' Friction between solids and fluids. 
The rapidity with which water flows through pipes of the 
same diameter, is found to depend much on the nature of 
their internal surfaces. Thus, a lead pipe witli a smooth aper- 
ture, under the same circumstances, will convey much more 
water than one of wood, where the surface is rough, or beset 
vnih points. In pipes, even where the surface is as smooth.as 

What two finces act upon the fluid as it is discharged, and how do th^ 
ibices orodnoe a curved hne ? Does the velocity wim which a fluid Is diA* 
chaigea; depend entirely on the pressure ? What circumstance, besides pres* 
sore, facilitates the dischargo of water from an orifice 1 In a tube dischar^ 
tng water ymSh. the greatest velocity, what is the proportion between its dia- 
meter and its length 1 What b the proportion between the quantity of fluid 
diflchaiged through an orifice of tin, and through a short pijpel Suppose a 
lead and a dass tube, of the same diameter, wnich will diefaver the greateal 
quantity of uquid in the same time 1 
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glass, there is still considerable friction, -for in all cases the 
water is found to pass moreraDidly in the middle of the stream 
than it does on the outside, where it rubs against the sides of 
the tube. 

The sudden turns, or angles of a pipe, are also found to be 
a considerable obstacle to the rapid convey^ance of the water, 
for such angles throw the fluid into eddies or currents, by 
which its velocity is arrested. 

In practice, therefore, sudden turns igre generally avoided, 
and where it is necessary that the pipe should change its direc- 
tion, it is done by means of as large a circle as convenient. 

Where it is proposed to convey a certain Quantity of water 
to a considerable distance in pipes, there will be a great dis- 
appointment in respect to the quantity actually delivered, un- 
less the engineer takes into account the friction, and the turn- 
ings of the pipes, and makes large allowances for these cir- 
cumstances. If the quantity to be actually delivered ought to 
fill a two inch pipe, one of three inches will not be too great 
an allowance, if the water is to be conveyed to any consider- 
able distance. 

In practice, it will be found that a pipe of two inches in 
diameter, one hundred feet long, will aischar^e about five 
times as much water as one of one inch in diameter of the 
same length, and under the same pressure. This difference 
is accounted for, by supposing that both tubes retard the mo- 
tion of the fluid, by friction, at equal distance from their in- 
ner surfaces, and consequently, that the effect of this cause is 
much greater in proportion, in the small tube, than in the 
large one. 

The effect of friction in retarding the motion of fluids is 
perpetually illustrated in the flowing of rivers and brooks. 
On the side of a river, the water, especially where it is shal- 
low, is nearly still, while in the middle of the stream it may 
run at the rate of five or six miles an hour. For the same rea- 
son, the water at the bottoms of rivers is much less rapid than 
at the surface. This is often proved by the oblique position 
of floating substances, which m still water would assume a 
vertical direction. 

VHij wSn the glass tube ddiver most 1 What is said of the sadden tonir 
ings of a tube iti retardine the motion of the fluid 1 How much more water 
vim a two inch tube ofanuudred feet long discharge, than a one inch tube 
of the same lengUi 1 How is tiiis ^Bfiference accounted ibr ? How do iiTen 
show the effect of firictioii in retarding the motion of their wateisl 
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Hiiib, sappose the stick of wood e, 6g. 
91. to be loMled at one end widi lead, of 
the same diameter as the wood, so as to 
make it stand upright in etilt water. In 
the current of a nrer, where the lower 
end nearly reaches the bottom, it will in- 
dine as in the figure, because the water 
I is more rapid towards the surface than at 

I the bottom, and hence the tendency of 

the upper end to move Aster than the low- 

! er one, gives it an inclination forward. 

Machines for raising water. 
Tbe common pump, though a ^draulic machine, depends 
on the pressure of the atmosphere for its effect, and therefore its 
explanadoncomesproperlyunderthesrticle Pneumatics, where 
the consequences of atmospheric pressure will be illustrated. 
Such machines only, as raise water without the assistance 
of the atmosphere, come properly under the present article. 
Among- these, one of the most curious, as well as ancient 
machines, is the screw of Archimedes, and which was invent- 
ed by th&t celebrated philosopher, two hundred years before 
the Christikn er*, and then employed for raising water and 
" d in Egypt 



In consists of a large tube, fig. 96, coiled around a shaft 
of wood to keep it in place, and gireit support. Both ends of 

Endain Sg. 94. Who u sakl to have been the InTcntor of Archimedn^ 
nrairi Eiptoia this machine, u repreaented in £g. 95, and show how th« 
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Che tube are open, the lower one being dipped into the water 
to be raised, and the upper one discharging it in an intermit- 
ting stream. The shaft turns on a support at each end, that 
at me upper end being seen at d, the lower one being hid by 
the water. As the machine now stands, the lower bend of 
tiie screw is filled Mrith water, since it is below the surface c, d. 
On turning it Inr the handle, from left to right, that part of 
the screw now nlled with water will rise above the surface c, d, 
and the water having no place to escape, falls into tlie next 
lowest part of the screw at e. At the next revolution, that 
portion which, during the last was at e, will be elevated to g*, for 
the lowest bend will receive another supply, which in the mean 
time will be transferred to e, and thus by a continuance of this 
motion, the water is finally elevated to the discharging orifice p. 
This principle is readily illustrated by winding a piece of 
lead tube round a walking stick, and then turning the whole 
with one end in a dish of water, as shown in the figure. 

. Fig. 96. Instead of this method, water was some- 

times raised by thaancients, by means of a 
il rope, or bundle of ropes, as shown at fitf. 
96. 

This mode illustrates in a very striking 

manner the force of friction between a solid 

and fluid, for it was by this force alone, 

Jj^^^'^P^ *hftt *^® water was supported and elevated. 

^ I The large wheel a, is supposed to stand 

over the well, and ^, a smal^pr wheel, is 
fixed in the water. The rope is extended 
between the two wheels, and rises on one 
side in a perpendicular direction. On turn- 
ing the wheel by the crank c2, the water is 
brought up by the friction of the rope, and 
falling into a reservoir at the bottom of the 
frame which supports the wheel, is discharged at the spout d. 
It is evident tnat the motion of the wheel, and consequently 
that of the rope, must be very rapid, in order to raise any con- 
siderable quantity of water by this method. !^ut when the 
upward velocity of the rope is eight or ten feet per second, a 
large quantity of water may be elevated to a considerable 
heiffht by this machine. 
. For the dififerent modes of applying water as a power for 

How may tho principle of Archimedes' screw be leadilj ilhutrated '( EIx- 
pkdn in yivoX manner water is raised by the muchine lepvesented by fig. 96L 

10* 
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dziviBg woSDBt uiA other usefiil mir]po8e8» we most refer the 
'reeder to works on prmctical mecnanics. There is, however, 
one method of turning machinery hy water, invented by Dr 
Bu^er, which is stricUy a philosophical, and at the same time 
a moet curious invention, and therefore is properly introduced 
here. 

This machine is called Barker's 
centrifugal mill, and such parts of it 
as are necessary to understand the 
principle on which it acts are rep- 
resehted by fig. 97. 

The upright cylinder a, is a tube 
which has a funnel shaped mouth, 
for the admission of the stream of 
water from the pipe b. This tube is 
six or eiffht inches in diameter, and 
may be from ten to twenty feet long. 
The arms n and o, are also tubes 
communicating freely with the up- 
rifi^ht one, from the opposite sides of. 
which they proceed. The shaft rf, 
is firmly fastened to the inside of the 
tube, openings at the same time be- 
ing left for the water to pass to the 
arms o and n. The lower part of 
the tube is solid, and turns on a point 
resting on the block of stone or iron, c. The arms are closed 
at then: ends, near which there are orifices on. the sides op- 
posite to each other, so that the water spouting from them, 
will fly in opposite directions. The stream from the pipe &, 
is regulated by a stopcock, so as to keep the tube a constantly 
foil without overflowing. 

To set this engine in motion, suppose the upright tube to 
be filled with water, and the arms n and o, to be given a 
sliffht impulse ; the pressure of the water from the perpendi- 
cular column in the large tube will give the fluid a velocity ot 
discharge at the ends of the arms proportionate to its height. 
The reaction that is produced by the flowing of the water on 
the points behind the discharging orifice, wOl continue, 
and increase the rotatory motion thus begun. After a 
few revolutions, the machine will receive an additional im- 
pulse by th e centrifugal force generated in the arms, and 
What ii fig. 97 intended to lepresent 7 Describe this xniB. 
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la condequence of this, a much more violent and rapid dis- 
charge of the water takes place, than would occur by the pres- 
sure of that ill the upright tube alone. The centriiugal force 
and the force of the discharge thus acting at the same time, and 
each increasing the force of the other, this machine revolves 
with great velocity and proportionate power. The friction 
which it has to overcome, when compared with that of other 
machines, is very slight, being chiefly at the point c, where 
the weight of the upnght tube and its contents is sustained. 

By fixing a cog wheel to the shaft at d, motion may be 
given to any kind of machinery required. 

Where the quantity, of water is small, but its height consi- 
derable, ih|s machine may be employed to great advantage, it 
being under such circumstances one of the most powerfm en- 
gines ever invented. 



PNEUMATICS. 

The term Pneumatics is derived from the Greek pneumoy 
which signifies breathy or air. It is that science which investi- 
gates the mechanical properties of air, and other elastic fluids. 

Under the article hydraulics, it was stated that fluids were 
of two kinds, namely, elastic and non-elastic, and that air and 
the ^es belonged to the first kind, while water and other 
liqmds belongea to the second. 

The atmosphere which surrounds the earth, and in which 
we live, and a portion of which we take into our lungs at eve- 
ry breath, is called air, while the artificial products which 
possess the same mechanical properties, are called ffases. 

When, therefore, l^e word air is used, in what follows, it 
will be understood to mean the atmosphere which we breathe. 

Every hollow, crevice, or pore, in solid bodies not filled 
with a liquid, or some other substance, appears to be filled 
with air : thus, a tube of any length, the bore of which is as 
small as it can be made, if kept open, will be filled with air ; 
and hence, when it is said that a vessel is filled with air, it is 
only meant that the vessel is in its ordinary state. Indeed, this 
fluid finds its way into the most minute pores of all substances, 
and cannot be expelled and' kept out of any vessel, without the 
assistance of the air pump, or some other mechanical means. 

What is pneumatics 1 What is air 1 What is gas 1 What is meant when 
it ii said that a vessel is filled with air 1 Is there any difficulty in ezpelluig 
the ur fiom veanb ? 
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By the e2astici^f of- air, b meant its Bprinr, or the force, 
with which it re-acts when compressed in a close vesseL It 
is chiefly in respect to its elasticity and lightness, that the me- 
chanical properties of air difier from those of water and othei 
liquids. 

Elastic fluids diflfer from each other in respect to the per- 
manency of the elastic property. Thus, steam is elastic only 
while its heat is continued, and on cooling returns again to 
the form of water. 

Some of the gases also, on being strongly compressed, lose 
their elasticity, and take the form of liquids. But air (^ers 
from these, in being permanently elastic ; that is, if it be com- 
pressed with ever so much force, aiid retained under com- 
pression for any length of time, it does not therefore lose its 
elasticity, or disposition to regain its former bulk, but always 
F^. 98. re-acts with a force in proportion to tfie power by 
^ which it is compressea. 

Thus, if the strong tube, or barrel, fig. 96, be 
smooth, and equ^l on the inside, and there be fit- 
ted to it the solid piston, or plu^ a, so as to work 
up and down air tight, by the handle b, the air 
in the barrel may be compressed into a space a 
hundred times less than its usual bulk, indeed^ 
if the vessel be of sufficient strength, and the 
U force employed sufficiently great, its bulk may 
be lessened a thousand times, or in any propor 
tion, according to the force employed ; and ii 
kept in this state for years it will regain its for- 
l£ mer bulk the instant the pressure is removed. 
Thus, it is a general principle in pneumatics, that 
air is compressible in proportion to the force employed. 

On the contrary, when the usual pressure of the atmosphere 
is removed from a portion of air, it expands and occupies a 
space larger than before ; and it is found by experiment that 
this expansion is in a ratio, as the removal of the pressure is 
more or less complete. Air also expands or increases in 
bulk when heated. 

If the stop-cock c, fig. 98, be opened, the piston a may be 
pushed down with ease, because the air contamed in the barrel 
will be forced out at the aperture. Suppose the piston to be 

What is meant by the elasticity of air 1 How does air differ firom steam, 
and some of the gases, in respect to its elasticity 1 Does air lose its elastio 
Ibice by beuig bng comprised 7 In what pxoportion to the force emplcy^j 
is the bulk of air lessened 1 - 
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pnshed down to within an inch of the bottom, and then the 
stop'cock closed, so that no air can enter below it Now, on 
draMring the piston up to the top of the barrel, the inch of air 
will expand and fill the whole space, and were this space a 
thousand times as larffe, it would still be filled with tne ex- 
panded air, because we piston remo^^es the pressure of the 
external atmosphere from that within the barrel. 

It follows, therefore, that the space which a given portion 
of air occupies, depends entirely on circumstances. If it is 
under pressure, its bulk wil^be diminished in exact proportion ; 
and as the pressure is removed, it will expand in proportion, 
so as tQ occupy a thousand, or even a million times as much 
space as before. 

Another property which air possesses is weight, or gravity. * 
This property, it is obvious, must be slight, when compared 
with the weight of other bodies. But that air has a certain 
degree of gravity, in common with other ponderous substan- 
ces, is proved by direct experiment. Thus, if the air be 
pumped out of a close vessel, and then the vessel be exactly 
weighed, it will be found to weigh more when the air is again 
admitted. 

It is, however, the weight of the atmosphere which presses 

on every part of the eartlr s surface, and in which we live and 

move, as in an ocean, that here particularly claims our attention. 

Big. 99. The pressure of the atmosphere may be easily 

shown by the tube and piston, fig. 99. 

Suppose there is an orifice to be opened or closed 
by the valve b, as the piston a is moved up or down 
m its barrel. The valve being fastened by a hinge 
on one side, on pushing the piston down, it will 
open by the pressure of the air against it, and the 
air will make its escape. But when the piston is 
at the bottom of the barrel, on attempting to raise 
it again, towards the top, the valve is closed bv the 
^ force of the external air acting upon it. If, there- 
fore, the piston be drawn up .in this state, it must be 
against the pressure of the atmosphere, the whole 
weight of wnich, to an extent equal to the diameter 

In what proportion win a quantity of air increase in bulk as the pre£»ure 
is removed from it? How is this illuKtrated hj fig. 98? On what drcum* 
stance, therefore, will the bulk of a given portion of air depend 1 How is it 
proved that air has weight 1 Explain in what manner the pressare of the 
atmosphere is shown by fig. 99* 
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of the piflton must be lifted, whfle there will remain a vacuum 
or Toia space below it in the tube. If the piston be only three 
indies in diameter, it will require the full strength of a man 
to draw it to the top of the barrel, and when raised, if sudden- 
ly let go, it will be forced back again by the weight of itit 
air, aiM will strike the bottom with great violence. 

Sopposing the surface of a man to be equal to 141 square 
feet, and allowing the pressure on each square inch to be 15lbs.. 
such a man would sustain a pressure on his whole surfacr 
equal to nearly 14 tons. 

Now, that it is the weight of the atmosphere which presses 
the piston down, is proved by the fact, that if its diameter be 
enlarged, a greater force, in exact proportion, will be required 
to raise it. And further, if when the piston is drawn to the 
top of the tube, a stop-cock, as at fig. 98, be opened, and 
the air admitted under it, the piston will not be forced 
down in the least, because then the air will press as much on 
the under, as on the upper side of the piston. 

By accurate experiments, an account of which it is not ne 
cessary here to detail, it is found that the weight of the at 
mosphere on every inch square of the surface of the earth 
is equal to fifteen pounds. If, ihen, a piston working air tight 
in a barrel, be drawn up from its bottom, the force employed 
besides the friction, will be just equal to that re(juired to lif\ 
the same piston, under ordinary circumstances, with a weight 
laid on it equal to fifteen pounds for every square inch of sur 
fiice. 

The number of square inches in the surface of a piston ol 
a foot in diameter, is 113. This being multipliea by tho 
weight of the air on each inch, which being 15 pounds, is 
equal to 1695 pounds. Thus the air constantly presses on 
every surface, which is equal to the dimensions of a circle one 
foot in dmmeter, with a weight of 1695 pounds. • 

Air Pump. , 

The air pump is an engine by which the air can be pump> 
ed out of a vessel, or withdrawn from it. The vessel so ex 

What is the force pressing on the piston when drawn upward, sometimes 
called 1 How is it proved that it is tms wei;^ht of the atmosphere, instead at 
suction, which makes the piston rise with difficulty 1 What is the pressure oi 
the atmosphere on every square inch of surface on the earth? What is 
the numher of square inches in a drele of one foot in diameter? What is 
the weight of the atmospben on a surftoe of a fiiot in diameter 1 
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hansted is called a receiver, and the «pace thus lefl in the Tes- 
sel, afler withdrawing the air, is called a vacuum. 

The principles on which the air pump is constructed are 
readily understood, and are the same in all instruments of this 
kind, though the form of the instrument itself is often con- 
siderably modified. 

The general principles of its construction will be compre- 
hended by an explanation of fig. 100. . In this figure let g be 
Fiff. 100. a glass vessel, or receiver, closed at 

the top, and open at the bottom, 
standing on a perfectlv smooth sur- 
fiice, which is called the pZafe of the 
air pump. Through the plate is an 
aperture a, which communicates with 
the inside of the receiver, and the 
barrel of the pump. The piston rod 
d p works air tiffht through the stufifed 
collar c, and the piston also moves 
air tight dirough the barrel. At the 
extremity of the barrel, there is a 
valve Cj which opens outwards, and 
^ is closed with a spring. 
Now suppose the piston to be drawn up to c, it will then 
leave a free communication between the receiver g*, through 
the orifice a, to the pump barrel, in which the piston works. 
Then if the piston be forced down by its handle, it will com- 
press the air in the barrel between d and e, and in consequence 
the valve c will, be opened, and the air so condensed will be 
forced out. On drawing the piston up again, the valve inll be 
closed, and the external air not being permitted to enter, a 
vacuum will be formed in the barrel, fi:om e to a little above d. 
When the piston comes again to c, the air contained in the 
glass vessel, together with that in the passage between the 
vessel and the pump barrel, will rush in to nil the vacuum. 
Thus, there will be less air in the whole space, and conse- 
quently in the receiver, than at first, because all that contain- 
ed in tne barrel is forced out at every stroke of the piston. 




What is the air pumpi What is the receiver of an aii pumpi What is 
a vacuum'? In fig. 100, vrhich is the receiver of the air pumpi When the 
piston is pressed down, what quantity of air is thrown out 1 When the pb- 
ton is drawn up, what is formed in the harrel 7 How is this vacuum again 
61Ied with air 1 
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On repcAting the suae procew, that is, drawing up and ibreiBg 
down the piston, the air at each time in the receiver, will be- 
come less and less in (juantit^, and, in consequence, more and 
mora rarefied. For it must he understood, uiat although the 
sir is exhausted at every stroke of the pump, tliat which re- 
mains, by its elasticity expands, and still occupies the whole 
K»ce. The quantity forced out at each successive stroke is, 
therefore, diminished, until, at last, il no longer has sufficient 
force before the piston to open the valre, when the exhausting 
^wer nf ihe instrument must cease entirely. 

Now, it will be obvious, that as the exhausting power of the 
air pump depends on the expansion of the air wittiia it, a per- 
fect vacuum can never be formed by its means, for so long as 
exhaustion t^es place, there must be air to be forced out, and 
when this becomes bo rare as not to force open the valves, 
then the process must end. 

A ^ooa air pump has two similar pumping barrels to that 
described, »o that the process of exhaustion is performed in 
half the tune that it could be performed by one barrel. 

Fig- 'Ol- The barrels, with their 

pistons, and the usual mode 
of working Ihem, are re- 
presented by fig. 101. The 
piston rods are furnished 
with racks, or teeth, and 
are worked by the toothed 
wheel a, which is turned 
backwards and forwards, 
far the-lever and handle b.' 
The exhaustion pipe, c, 
leads to the plate on which 
the receiver stands, as 
shown in fig. 100. The 
valves V, n, u, and m, all 
open upwards. 

To anderatand how these 

jnstDnB act to exhaust the 

< . , «, through the py>e c, we will 

sappoise, that as the two pistons now stand, the handle b is 



ID air pomps birfeiDoiethiin one band and piitonl How u 
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to be itnned towards the left This will raise the piston Aj while 
the vaive u will be closed by the pressure of tlie external air 
acting on it in the open barrel in which it works. There 
would then be a vacuum formed in this barrel, did not the 
valve m open and let in the air coming from the receiver 
through the pipe c. When the piston, therefore, is at the up- 
per end of the barrel, the space between the piston and the 
valve m, will be filled with the air from the receiver. Next 
suppose the handle to be moved to the right, the piston A 
will then descend, and compress the air with which the barrel 
is filled, which, acting against the valve u, forces it open, and 
thus the air escapes. Thus it is plain, that every time the 
piston rises, a portion of air, however rarefied, enters the bar- 
rel, and every time that it descends, this portion escapes, and 
mixes with the external atmosphere. 

The action of the other piston is exactly similar to this, 
only that B rises while A falls, and so the contrary. It will 
appear, on an inspection of the figure, that the air cannot pass 
from one barrel to the other, for while A is rising, and the 
valve m is open,, the piston B will be descending, so that the 
force of the air in the barrel B, will keep the valve n closed. 
Many interesting and curious experiments, illustrating the 
expansibility ana pressure of the atmosphere, are shown by 
this instrument. 

If a withered apple be placed under the receiver, and the 
air, is exhausted, the apple will swell and become plump, in 
consequence of the expansion of the air which it contains 
within the skin. 

£ther placed in the same situation, soon begins to boil with- 
out the influence of heat, because its particles, not having the 
pressure of the atmosphere to force them together, fly oflfwith 
so much rapidity as to produce ebullition. 

JTie Condenser. 

' The operation of the eondenser is the reverse of that of the 
air pump, and is a much more simple machine. The air pump, 



While the piston A is ascending, which valves will be open, and which 
closed ? When the piston A descends, what becomes of the air with which 
its barrel was filled 1 Why does not the air pass from one barrel to the other, 
through the valves m and nl Why does an apple placed in the exhausted 
receiver grow plump? Why does ether boil in the same situation 1 How 
does the ocmdenaer operate ? 

11 
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at we have just seen, will deprive a vessel of its ordinary 
quantity of aur. The condenser, on the contrary, will double, 
'Fig. 103. or treble the ordinary quantity of air in a close 
vessel, according to the force employed. 

This instrument, fig. 102, consists of a prnnp 

barrel and piston a, a stop-cock 5, and the vessel 

c furnished with a valve opening inwards. The 

I orifice (2 is to admit the air, when the piston is 

"^d^ drawn up to the top of the barrel. 

To describe its action, let the piston be above 
iZ, the orifice being open, and therefore the instru- 
ment filled with air, of the same density as the 
external atmosphere. Then, on forcing the piston 
.down, the air m the pump barrel, below the ori- 
fice dy will be compressed, and will rush through 
the stop-cock 6, into the vessel c, where it will be 
retained, because, on affain moving the piston up- 
ward, tlie elasticity of the air will close the valve 
through which it was forced. On drawing the 
piston up again, another portion of air will rush in 
at the orifice d^ ana on forcing it down, this will also be dri- 
ven into the vessel c ; and this process may be continued as 
long as sufficient force is applied to move the piston, or there 
is sufiicient strength in the vessel to retain the air. When the 
condensation is finished, the stop-cock b may be turned, to 
render the confinement of the air more secure. 

The magazines of air ^uns are filled in the manner above 
described. The air gun is shaped like other guns, but instead 
of the force of powder, that of air is employed to project the 
bullet For this purpose, a strong hollow ball of copper, witli 
a valve on the inside, is screwed to a condenser, and the air 
is condensed in it, thirty or forty times. This ball or maga- 
zine is then taken from the condenser, and screwed to me 
ffun, under the lock. By means of the lock, a communication 
IS opened between the magazine and the inside of the gun- 
barrel, on which the sprint of the confined air against the 
leaden bullet is such, as to throw it with nearly the same force 
as gun-powder. 

Eiglain fig. 108» and thowfawhatmannwr the air ia condensed. Explain 
the pnndple of the ab gun. 
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Barometer. 
_ Suppose a, fig. 103, to be a lon^ tube with the 
C piston 6, so nic^y fitted to its mside, as to work 
air tight If the lorwer end of the tube be dip- 
ped into water, and the piston drawn up hj pm- 
ling at the handle c, the water will follow the 
piston so closely as to be in contact with its 8ur« 
face, and apparently to be drawn up by the pis- 
il ton, as thouffh the whole was one solid body. 
If the tube be thirty-five feet long, the water 
wUl continue to follow the piston, until it comes 
to the height of about thirty-three feet, where it 
will stop, and if the piston be drawn up still far- 
ther the water will not follow it, but will remain 
stationary, the space from this height, between 
the piston and the water, being left a void space, 
or yacuum. 

The rising of the water in the above case, 
which only involves the principle of the common 
pump, is thought by some to be caused hy sucHanf 
the piston sucking up the water as it is drawn 
upward. But accordmg to the common notion 
attached to this term, there is no reason why the 
water should not continue to rise above me thirty-three feet, or 
why the power of suction should cease at that point, rather 
than at any other. Without entering into any discussion on 
the absura notions concerning the power of suction, it is suiB- 
cient'there to state, that it has long since been proved, that the 
elevation of the water in the case above described, depends 
entirely on the weight and pressure of the atmosphere, on that 
portion of the fluid which is on the outside of the tube. Hence, 
when the piston is djawn up, under circumstances where the 
air cannot act on the water around the tube, or pump barrel, 
no elevation of the fluid will foUow. This will be obvioii8» 
hy the following experiment. 

Scqppose the tube, fig. 103, to fltand with its lower end in the water, and the 
pMlon a to be drawn upward thirty Sye feet, how ftr will the water lb]k>w> the 
piaton 1 What will remain in the tube between thepiaton and the water, 
after the piston rises higher than thirty-three feet 1 What is commonly sup- 
posed to make the water rise in such cases? Li there any reason why the 
soctbn should cease at 33 feet? What is the true cause of the eleratioa of 
the water, when the piston, fig. 103, is drawn upl 
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Sui^wse fig. 104, to be the Bectiooa, or halres of 
two tubes, ooe withiit the other, the outer one be- 
ing made entirely cloae, ao as to admit no air, and 
the space between the two being also made air-tight 
at the top. Suppose, also, that the inner tube be- 
ing leA open at the lower end, does not reach the 
bottom of the outer tube, and thus that an open space 
be left between the two lubes every where, except 
at their upper ends, where they are fastened toge- 
ther ; and suppose that there ia a valve in the piston, 
opening upwards, so as lo let the air which it con- 
tains, escape, but which will close on drawing the 
piston upwards. Now let the piston be at a, and 
in this slate pour water through the stop cock, c, 
until the inner tube is filled up by the piston, and the 
J space between the two tubes filled up to the same 
point, and then let the stopcock be closed. If now 
the piston be drawn up to the top of the tube, the 
water will not follow it, as in the case first describ- 
ed ; it will only rise a few inches, in consequence 
of the elasticity of the air above the water, between 
the tubes, anci in the space above the water, there 
will be formed a vacuum between the water and 
the piston, in the inner tube. 

Tne reason why the resnit of this eTperimenl 
*differs from that before deacnbed, is, that the outer tube pre* 
vents the pressure of the atmosphere from forcing the water up 
the inner tubeas the pistQn rises. This maybe inslandy proved, 
by openiug the stop-cock c, and permitting the air to press up- 
on Ine water, when it will be found, tliat as the air rushes in, 
the water will rise and till the vacuum, up to the piston. 

For the same reason, if a common pump be placed in a 
cistern of water, and the water is frozen over on the surface, 
80 that no air can press upon the fluid, the piston of the pump 
might be worked in rain, for the water would not, as usua^ 
obey Ha motion. 

It follows, as a certun conclusion from such experiments, 
that when the lower end of a tube is placed in wat«r, and 
the air from within is removed by drawing up the piston, that 

Hon is it ghowji \iv6g. KM, thittlt ig the pressure of the atincwpheiBwhicb 
axmm Ihe w&ter to nse m the pump barrel 1 Sai^wae the ke prevents tlv 
ktmoapheie from prcniiig on the wUerin t raMd, can the wkterbepnmp 
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it IB the preflsure of the atmosphere, on the water around the 
tabe, which forces ^e fluid up to fill the space, thus left hy the 
air. It is also proved, that the weight, or pressure of the atmos- 
phere, is eoual to the weight of a perpendicular column of water 
d3 feet high, for it is found (flg. 103,) that the pressure of Uie 
atmosphere will not raise the water more than 33 feet, though 
a perfect vacuum be formed to any height above this point. 
Experiments on other fluids, prove that this is the weight of 
the atmosphere, for if the end of a tube be dipped in any fluid, 
and the air be removed from the tubei, above the fluid, it wiU 
rise to a greater or less height, than water, in proportion as 
its specific gravity is less or greater than that of water. 

Mercury^ or quicksilver^ has a specific gravity of about 131 
times greater than that of water, and mercury is found to rise 
about 29 inches in a tube under the same circumstances that 
water rises 33 feet. Now 33 feet is 396 inches, which, being 
divided by 29, gives nearly 131, so that mercury being 131 
times heavier than water, tne water will rise under the same 
pressure 13h times higher than the mercury. . 

Barometer, 
Thebarometer is constructed on the principle of atmospheric 
Fig. 105. pressure, which we have thus endeavoured to 
explain and illustrate to common comprehen- 
sion. This term is compounded of two Greek 
words, &aro«, weight, ana metron, measure, the 
instrument being designed to measure the 
weight of the atmosphere. 

Its construction is simple, and easily under- 
stood, being merely a tube of glass nearly fill- 
ed with mercury, with its lower end placed in 
a dish of the same fluid, and the upper end 
furnished with a scale, to measure the height 
of the -mercury. 

Let a, ^g, 105, be such a tube, 34 or 35 
inches long, closed at one end and open at the 
other. To fill the tube, set it upright, and 
pour the mercury in at the open end, and 

What conclusion fiiUows from the experiments above described 1 How is 
it proved, that the pressure of the atmosphere is eq[ual to the wevht of a 
ooromn of water, 3§feet Ughl Howdo experiments on other fluias show 
that the pressure of the atmosphere is equu to the woght of a column of 
water 33 fbet high 7 How faijni does mercury rise in an exhausted tube? 
What is the {nmcipfe on whidi the barometer is oonstmoledl What doss 
the baraneter menmrel 
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when it is entirely fiiU, place the fore finger forcibly on ihi« 
end, and then plunge the tube and finger under the surface 
of ihe mercury, before prepared in the cup h. Then with- 
draw the finger, taking care that in doing this, the end of the 
tube is not raised above the mercury in the cup. When the 
finger is removed, the mercury will descend four or five inch- 
es, and after several vibrations, up and down, will rest at an 
'elevation of 29 or 30 inches above the surface of that in the 
cup, as at c. Having fixed a scale to the upper part of the 
tube to indicate the nse and fall of the mercury, the barome- 
ter would be finished, if intended to remain stationary. It is 
usual, however, to have the tube inclosed in a mahogany m 
brass case, to prevent its breaking, and to have the cup closed 
on the top, and fastened to the tube, so that it can be trans 
ported without danger of spilling the mercury. 

The cup of the portable barometer also differs from that 
described, for were the mercury inclosed on all sides, in a 
cup of wood, or brass, the air would be prevented from acting 
upon it, and therefore the instrument would be useless. To 
remedy this defect, and still have the mercury perfectly in- 
closed, the bottom of the cup is made of leather, which, be- 
ing elastic, the pressure of the atmosphere acts upon the mer- 
cury in the same manner as though it was not inclosed at all 
Below the leather bottom there is a round plate of metal an 
inch in diameter, which is fixed on the top of a screw, so 
that when the instrument is to be transported, by elevating 
this piece of metal, the mercury is thrown up to the top of 
the tube and thus kept from playing backwards and forwards, 
when the barometer is in motion. 

A person not acquainted with the principle of the instru- 
ment, on seeing the tube turned bottom upwards, will be per- 
plexed to understand why the mercury does not follow the 
common law of gravity, and descend into the cup ; were the 
tube of gKss 33 feet high, and filled with water, the lower end 
being dipped into a tumbler of the same fluid, the wonder 
would be still greater. But as philosophical facts, one is no 
more wonderful than the other, and both are readily explained 
by the principles above illustrated. 

Desciibe the construction of the barometer, aa represented by fig. 105. 
How is the cup of the portable barometer made, so as to retain the mercury, 
and still allow the air to press upon it ? What is the use of the metallie 
plate and screw, under the bottom of the cup ? Explain the reason why the mer- 
0ury does not M out of the barometer tube, v^hen its open end is downwaida. 
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It has already been shown, that it is the pressure of the 
atmosphere on the fluid around the tube, by which the fluid 
within it is forced upward, when the pump is exhausted of 
its air. The pressure of the air we have also seen, is equal 
to a column of water 33 feet high, or of a column of mercury 
29 inches high. Suppose, then, a tube 33 feet high is filled 
with water, th^ air would then be entirely excluded, and were 
one of its ends closed, and the other end dipped in water, the 
effect would be the same as though both ends were closed, 
for the water would not escape, unless the air were permitted 
to rush in and fill up its place. The upper end bein^ closed, 
the air could ffain no access in that direction, and the open 
end being under water, is equally secure. The quantity of 
water in which the end of the tube is placed, is not essential, 
since the pressure of a column of water an inch in diameter, 
provided it be 33 feet high, is just equal to a column of air of 
an inch in diameter, of the whole height of the atmosphere. 
Hence the water on the outside of the tube serves nierely to 
guard against the entrance of the external air. 

The saime happens to the barometer tube, when filled with 
mercury. The mercury, in the first place, fills the tube per- 
fectly, and therefore entirely excludes the air,' so that when it 
is inverted in the cup, all the space above 29 inches is left a 
vacuum. The same effect precisely would be produced, were 
the tube exh^sted of its air, and the open end placed in the 
cup ; the mercury would run up the tube 29 incnes; and then 
stop, all above that point being left a vacuum. 

The mercury, therefore, is prevented from falling out of the, 
tube, by the pressure of the atmosphere on that which remains 
in the cup ; for if this be removed, the air will enter, while 
the mercury will instantly begin to descend. 

In the barometer described, the rise and fall of the mercury 
is indicated by a scale of inches and tenths of inches, fixed 
behind the tube ; but it has been found, that very slight vari- 
ations in the density of the atmosphere, are not readily per- 
ceived by this method. It being, however, desirable that 
these minute changes should be rendered more obvious, a con; 
trivance for increasing the scale, called the wheel barometer 
was invented. 

What/Uls the space above 29 inches, in the barometer tube ? In the com- 
mon l»rometer how is the rise and fall of the meicuiy indicated 1 Why was 
the wheel bazometer invented 1 
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Fi|. lOG The irhole length of the tube of the wheel ba 

roraeter, fig. 106, from c to a, ia 34 or 35 inches, 
and it is filled viih mercury, as usual. The mer- 
cury rises in the short leg to the point o, where 
there is a small piece of glass floating on its sur- 
face, to which there is attached a silk string, 
passing over the pulley p. To the axis of the 
pulley is fixed an index, or hand, and behind 
this is a graduated circle, as seen in the figure. 
\ It is obvious, that a very alight variation in the 
B height of the mercury at o, will be indicated by 
' a considerable motion of the index, *and thus 
changes in the weight of the atmosphere hardly 
perceptible by the common barometer, will be- 
come quite apparent by this. 

The mercury in the barometer lube being sus- 
tained by the pressure of the atmosphere, and 
its medium altitude at the surface of the earth 
being about 30 inches, it might be expected that 
if the instrument was carried to a height from 
the earth's surface, the mercury would sufier a proportionate 
fall, because the pressure muat be leas, at a distance from the 
earth than at its surface, and experiment proves this to he 
the case. When, therefore, this instrument is elevated to any 
coneiderable height, the descent of the mercury-becomes per 
ceptible. Even when it is carried to the top of a hill, or nigh 
tower, there is a sensible depression of the fluid, so that the 
barometer is employed to measure the heights of mountains, 
and the elevation to which balloons ascend from the surface 
,of the earth. On the top of Mont Blanc, which is about 
16000 feet above the level of the sea, the medium elevation ol 
the mercury in the tube is only 14 inches, while on the aiir- 
&ce of the earth, as above slated, it is 29 inches. 

The medium range of the barometer in several countries, 
has generally been stated to be about 29 inches. It appears, 
however, from observations made at Cambridge, in Massachu- 
setts, for the term of 32 years, that its range there was nearly 
30 inches. 

Elxpbun Gg. 106, and describe the construction of tha nWl barometer. 
What is atHted to be the medium range of the barometer at the mrface lA 
the euth'i Suppose the imtmnient is elevated traiD the earth, what ia the 
■~^ "~ ''o merooryl How does Che bananeter indiiMla the h^htaot 
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While the barometer stands in the same place, near the lere. 
of the sea, the mercury seldom or never falls below 28 inches, 
or rises above 31 inches, its whole range, while stationary, 
bein^ only about 3 inches. 

These changes in the weight of the atmosphere, indicate 
corresponding changes in the weather, for it is found, by watch- 
inff these variations in the height of the mercury, that when 
it falls, cloudy or falling weather ensues, and that when it 
rises fine clear weather may be expected. During the time 
when the weather is damp and lowering, and the smoke of 
chimnies descends towards the ground, the mercury remains 
depressed, indicating that the weight of the atmosphere during 
such weather is less than it is when the sky is clear. This 
contradicts the common opinion, that the air is the heaviest 
when it contains the greatest quantity of fog and smoke, and 
that it is the uncommon weighs of the atmosphere which press- 
es these vapours towards the ground. A little consideration 
will show, that in this case the popular belief is erroneous, for 
not only liie barometer, but all the experiments we Jiave de- 
tailed on the subject of specific gravity, tend to show that the 
lighter any fluid is, the deeper any substance of a given weight 
will sink in it. Common observation ought, therefore, to cor- 
rect the error, for every body knows that a heavy body will 
sink in water While a light one will swim, and by the same 
kind of reasoning ought to consider, that the particles of va- 
por would descend through a light atmosphere, while they 
would be pressed up into the higher regions, by a heavier air. 

The principal use of the barometer is on board of ships, 
where it is employed to indicate the approach of storms, and 
thus to give an opportunity of preparing accordingly ; and it 
is found that the mercury suffers a most remarkable depression 
before the approach of violent winds, or hurricanes. The 
watchful captain, particularly in southern latitudes, is always 
attentive to this monitor, and when he observes the mercury to 
sink suddenly, .takes his measures without delay to meet the 
tempest. During a violent storm, we have seen the wheel 
barometer sink a hundred degrees in a few hours. But we 

How many inches does a fixed barometer vary in height 1 When the 
mercury falls, what kind of weather is mdicated 1 When the mercmy rises, 
what kind of weather may be expected 1 When fog and smoke descend 
towards the^ ground, is it a sign of a light or heavy atmosphere 1 By what 
analogy is it shown that the air is lightest when filled with vapour 1 Ot 
what use is the barometer, on board of ships 1 When does the mercury 
Buffet the most remarkable depression 1 
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cannot iBust/ate the use of this instrument at sea better than 
to give the following extract from Dr. Amot, who was himself 
present at the time. *' It was," he says, *' in a southern lati- 
tude. The sun had just set with a placid appearance, closing 
a beautiful afternoon, and the usual mirth of tne evening watch 
proceeded, when the captain's orders came to prepare with 
all haste for a storm. The barometer had begun to fall with 
appalling rapidity. As yet, the oldest sailors had not per- 
CMved even a threatening in the sky, and were surprised at 
the extent, and hurry of the preparations ; but the required 
measures were not completed, wnen a more awful hurricane 
burst upon them, than the most experienced had ever braved. 
Nothing could withstand it ; the sails already fiirled, and close- 
ly bound to the yards, were riven into tatters ; even the bare 
yards and masts were in a ^reat measure disabled ; and at 
one time the whole rigging had nearly fallen by the board. 
Such, for a few hours, was the mingled roar of the hurricane 
above, of the waves around, and the incessant peals of thun- 
der, that no human voice could be heard, and amidst the gen- 
eral consternation, even the trumpet sounded in vain. On 
that awful night, but for a little tube of mercury, which had 

SVen the warning, neither the strength of the noble ship, nor 
e skill and energies of her commander, could have saved 
one man to tell the tale." 

Pumps. 

There is a philosophical experiment, of which no one in 
this country is ignorant. If one end of a straw be introduced 
into a barrel of cider, and the other end sucked with the 
mouth, the cider will rise up through the straw, and may be 
swallowed. 

The principles which this experiment involve, are exactly 
the same as those concerned in raising water by the pump 
The barrel of cider answers to the well, the straw to the pump 
log, and the mouth acts as the piston, by which the air is re 
moved. 

The efficacy of the conunon pump, in raising water, de 
pends upon the principle of atmospheric pressure, which 
has been fully illustrated under the articles air pump and 6a- 
rameter. 

What remariLable instance is gtated, where a ship seemed to be saved by 
the use of the b«roiiieter 1 What ezpeiiment is stated, as iUastrating the 
puinciple of the commoji pomp 1 
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These machines are of three kinds, namely, the suckinfr* 
or common pump, the lifting pump, and the forcing pump. 

Of these, the common or household 
C pump is the most in use, and for ordinary 
' purposes, the most convenient. It consists 
of a lon^tube, or barrel, called the pump 
log, which reaches from a few feet above 
the ground to near the bottom of the well. 
At a, fiff. 107, is a valve, opening upwards, 
called m&pump box. Wiien the pump is 
not in action, this is always shut. The 
piston b, has an aperture through it, which 
IS closed by a valve, also openin? upwards. 
By the pupil who has learned what has 
been explained under the articles air 
pump, and barometer, the action of this 
machine will be readily understood. 

Suppose the piston b to be down to a, 
then on depressing the lever c, a vacuum 
would be formed between a and b, did 
not the water in the well rise, in consequence of the pressure 
of the atmosphere on that around the pump log in tne well, 
and take the place of the air thits removed. Then on raising 
the end of the lever, the valve a cMses, because the water is 
forced u^n it, in consequence of the descent of the piston, 
and at the same time the valve in the piston b opens, and the 
water, which cannot descend, now passes above the valve b. 
Next, on raising the piston, %y again depressing the lever, this 
portion of water is lifted up to b, or a little above it, while an- 
other portion rushes through the valve a to fill its place. 
Afler a few strokes of the lever, the space from the piston b 
to the spout is filled with the water, wnere, on continuing to 
work the lever, it is discharged in a constant stream. 

Although, in common language, this is called the suction 
pump, still it will be observed, that the water is elevated by 
suction, or in more philosophical terms, by atmospheric pres- 
sure only above the valve a, after which it is raised by lifting 

On what does the action of the common pmnp depend 1 How many kinds 
of pumps are mentioned 1 Which kind is the common 1 Describe the com- 
nMxn pump. Explain how the common pump acts. When the lever is do- 
pnssed, what takes place in the pump barrel 1 When the lever is elevated, 
what takes place 1 How fiiff is the water raised by atmospheric pressure, 
and how &r by lifting? 



op lo the Bpont The water, therefore, u pressed into the 
pmmp barrel by the atmosphere, and thrown out by lifling. 

The lifting- pump, properly so called, has the piston in the 
lowerend of Uie barrel, and raises the water through the whole 
distance, by forcing it upward without the agency of the a" 
moephere. 

In the auction piunp, the pressure of the atmosphere will 
raise the water 33 or ^ feet, and no more, afler which it may 
be lifted (o any height required. 

The forcing pump dilfers from both these, in having its pis- 
ton solid, or without a valre, and also in having a side pipe, 
through which the water is forced, instead of rising in a per- 
pendicular direction, as in the others. 

Fig. 106, Theforcingpumpisrepresent- 

ed by fig. 108, where a is a solid 
piston, working air-tight in its 
barrel. The tube c leads from 
the barrel of the air vessel d. 
Througji the pipe ;) the water is 
thrown into the open air. ^ is n 

Sage, by which the pressure ol 
! water in the air vessel is as- 
certained. Tlirough the pipe i, 
, the water ascends into the oarrel, 

' its upper end being furnished 

\. with a valve opening upwards. 
J_ To explain the action of this 
pump, suppose the piston to be 
down to the bottom of the barrel, 
and then lo be raised upward by 
the lever I; the tendency to form 
a vacuum in the barrel will bring 
the water up through the pipe t, 
by the pressure of the atmos- 
phere. Then on depressing the' 
piston, the valve at the bottom of the barrel will be closed, and 
the water, not finding Admittance through the pipe whence it 
came, will be forced through the pipe c, and openmg the valve 
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vl it* npper end, will enter into the ur ressel d, and be dls- 

diargea through the pipe p, into the open air. ' 

The water is therefore elevated to the pUton barrel by the 
pressure of the atmosphere, and afterwarda throvnont by the 
force of the piston. It is obvious that by this arrangement, 
the height to which this fluid may be thrown, will depend on 
the power applied to the lever, and the strength witb which 
the pump is made. 

The air vessel d contains air in il^ upper part only, ibe 
lower part, as we have already seen, being filled with water. 
The pipe p, called the discharging pifa, passes down into ibe 
water so that the air cannot escape. The air is therefore 
compressed, as the water is forced into the lower part of the 
vessel, and re-acting upon the fluid by its elasUcily, throws it 
ont of the pipe in a continued stream. The constant stream 
which is emiiied from the direction pipe of the fire engine is 
entirely owing to the compression and elasticity of the air in 
its air vessel. In pumps without such a vessel, as the water is 
forced upwards, only while the piston is Hcting upon it, there 
must be an interruption of the stream while the piston is as- 
cending, as in the common pump. The air vessel is a reme- 
dy for this defect, and is found also to render the labour ft 
drawing the water more easy, because the force with which 
the air in the vessel acts on the water, is always jn addition to 
that given by the force of the piston. 

~ " " " The fre engine is a modifica- 

tion of^ the forcing pump. It 
consists of two such pumps, the 
pistons of which are moved by 
a leverwithequalarms, the com- 
mon fulcrum being at c, fig. 10ft. 
While the piston a is descend- 
ing, the other piston b, is ascend- 
ing. The water is forced by 
the pressure of the atmosphere, 
i through the common nipe p, and 

then dividing, ascenns into the 
working barrels of each piston, 
where the valves, on both aides, 
prevent its return. By the alter- 
nate depression of the pistons, 
it is then f orced into the air box 
WiiT dow ml Uw tir OKapa ftom the air vend in thii pompi 
19 
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df and then by the direction pipe e, is thrown where it is want- 
ed. This machine acts precisely like the forcing pump, only 
that its power is doubled by having two pistons instead of one. 
Fig. 110. There is a beautiful fountain, called 

the fountain of Hiero, which acts by 
the elasticity of the air, and on the 
same principle as that already descri- 
bed. Its construction will be under- 
stood by fig. 110, but its form may be 
varied according to the dictates of 
fancy or taste. The boxes a and b, 
together with the two tubes, are made 
air tight, and strong, in proportion to 
the height it is desired the fountain 
should play. 

To prepare the fountain for action, 
fill the box a, through the spouting 
tube, nearly full of water. The tube c, 
reaching nearly to the top of the box, 
will prevent the water from passing 
downwards, while the spouting pipe 
will prevent the air from escaping up- 
wards, after the vessel is about half 
filled with water. Next shut the stop cock, of the spouting 
pipe, and pour water into the open vessel d. This will des- 
cend into tne vessel 5, through the tube e, which nearly reaches 
its bottom, so that "after a few inches of water are poured in, 
no air can escape except by the tube c, up into the vessel a. 
The air will then be compressed by the weight of the column 
of water in the tube e, and therefore the force of the water 
from the jet pipe will be in proportion to the height of this 
tube. If this tube is 20 or 30 feet high, on turning the stc p cock, 
a jet of water will spout from the pipe that will amuse and as- 
tonish those who have never before seen such an experiment. 
[Fbr other properties of air, see Chemistry.] 

ACOUSTICS. 

Acoustics is that branch of natural philosophy which treats 
of the origin, propagation, and effects of sound. 

What effect does the air vessel have on the stream discharged ? Why does 
the air vessel render the labour of raising the water more easy 1 Explain fig. 
109, and describe the action of the fire engine. What causes the continued 
stream firom the direction pipe of this engine ? Haw is the fountain of ISeio 
oonstructed Y 
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When a sonorous, or sounding body is struck, it is thrown 
into a tremulous, or vibrating motion. This motion is com- 
municated to the air which surrounds us, and by the air is con- 
veyed to our ear drums, which also undergo a vibratory mo- 
tion, and this last motion, throwing ^the auditory nerves into 
action, we thereby gain the sensation of sound. 

If any sounding body of considerable size, is suspended in 
the air and struck, this tremulous motion is distinctly visible 
to the eye, and while the eye perceives its motion, the ear per- 
ceives tne sound. 

That sound is conveyed to the ear by the motion which the 
sounding body communicates to the air, is proved bv an inter- 
esting experiment with the air pump. Among philosophical 
instruments, there is a small bell, the hammer of which is 
moved by a spring connected with clock-work, and which is 
made expressly for this experiment 

If this instrument be wound up, and' placed under the re- 
ceiver of an air pump, the sound of the bell may at first be 
heard to a considerable distance, but as the air is exhausted, 
it becomes less and less audible, until no longer to be heard, 
the strokes of the hammer, though seen by the eye, producing 
no effect upon the ear. Upon allowing the air to return grad- 
ually, a faint sound is at first heard, which becomes louder 
and louder, imtil as much air is admitted, as was withdrawn. 

On the contrary, when the air is more dense than ordinarv, 
or when a greater quantity is contained in a vessel, than in 
the same space in the open air, the effect of sound on the ear 
is increased. This is iUustrated by the use of the diving bell. 

The diyinff bell is a large vessel, open at the bottom, under 
which men descend to the beds of nvers, for the purpose of 
obtaining articles from the wrecks of vessels. When itna 
machine is sunk to any considerable depth, the water above, 
by its pressure, condenses the air under it with great force. 
In this situation, a whisper is as loud as a common voice in 
the open air, and an ordinary voice becomes painful to the ear. 

Again, on the tops of high mountains, where the pressure, 
or density of the air is much less than on the surface of the 
earth, the report of a pistol is heard only a few rods, and the 

« 

On what will the hdght of the jet ftom Hiero's fountain depend 1 What 
18 acoustics 1 When a sonoions body is strack within hearing, m what man- 
ner do we gain firom it tiie sensation of sound 1 How is it proved, that sound 
is conveyed to the ear l^ the medium of the air 1 When the air is mora 
dense than ordinary, how does it afbct sonndl 
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IraniBii voice k io weak ss to be inmidiUe at ordiiieiy die 
tenc^ 

Thus* the atmosphere which eurrounds us, is the mediuiii 
by which sounds are conveyed to our ears, and to its ribra^ 
tions we are indebted for the sense of hearing, as well as to 
all we enjoy from the charms of music. 

The atmosphere, though the most common, is not, however, 
the oflJy, or the best conductor of sound. Solid bodies conduct 
soupd better than elastic fluids. Hence, if a person lay his 
ear on a long stick of timber, the scratch of a pin may be heard 
from the omer end, which could not be perceived through 
the air. 

The earth conducts loud rumbling sounds made below its 
surface to great distances. Thus, it is said, that in countries 
where volcanoes exist^ the rumbling noise which generally 
precedes an eruption, is heard first by the beasts of the field, 
because their ears are commonly near the ground, and that 
by their agitation and alarm, they give warning of its ap« 
proach to 3te inhabitants. 

The Indians of our country will discover the approach of 
horses or men, by laying their ears on the ground, when they 
are at such distances as not to be heard in any other manner. 

Sound is propagated through the air at the rate of 1 142 feet 
in a second of time. When compared with the velocity of 
li^ht, it therefore moves but slowly. Any one may be con- 
vmced of this by watching the discharge of cannon at a dis- 
tance. The flasti is seen apparently at the instant the gunner 
touches fire to the powder ; the whizzing of the ball, if the 
ear is in its direction, is next heard, and lastly, the report. 

Solid substances convey sounds with greater velocity than 
air, as b proved by the following experiment, lately made, at 
Paris, by M. Biot. 

At the extremity of a cylindrical tube, upwards of 300O 
leet long, a ring of metal was placed, of the same diameter 
as the aperture of the tube ; and in the centre of this ring, in 
the mouth of the tube, was suspended a clock bell and ham- 
mer. The hammer was made tc strike the rin^ and the bell 

at the same instant, so that the sound of the rmg would be 

■ 

What 18 aaid of the effects of sound on the tops of high mountains'? Which 
$n the hest conductors of sound, solid or elastic substances 1 What is said 
of the earth as a conductor of sounds 7 Huw is it said that the Indians 
discover the approach of horses 1 How fast does sound pass through the air 1 
Which convey soiinds with the greatest velocity, s^ substances, or air 1 
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transmitted to the remote end of the tube, through the con- 
ducting power of the tube itself, while the sound of the bell 
would l>e transmitted through the medium of the air inclosed 
in the tube. The ear being then placed at the remote end of 
the tube, the sound of the ring, transmitted by the metal of 
the tube, was first heard distinctly, and after a short interval 
had elapsed, the sound of the bell, transmitted by the air in 
the tube, was heard. The result of several experiments was, 
that the metal conducted the sound at the rate of about 11,865 
feet per second, which is about ten and a half times the yelp- 
city with which it is conducted by the air. 

Sound moves forward in straight lines, and in this respect 
follows the same laws as moving bodies, and li^ht. It also 
follows the same laws in being reflected, or thrown back« 
when it strikes a solid, or reflecting surface. 

If the surface be smooth, and of considerable dimensions, the 
sound will be reflected, and an echo will be heard ; but if the surface 
is very irregular, soft, or small, no such eflfect will be produced. 
In order to hear the echo, Uie ear must be placed in a cer- 
tain direction, in respect to the point where the sound is pro- 
duced;^ and the reflecting surface. 

If a sound be produced at a, fig. Ill, and 
strike the plane surface &, it will be reflected 
back in the same line, and the echo will be 
heard at c or a. That is, the angle under 
which it approaches the reflecting surface, 
and that under which it leaves it, will be 
equal. 

Whether the sound strikes the reflecting 
surface at right angles, or obliquely, the an- 
gle of approach, and the angle of reflection, 
will sdways be the same, and equal. 

lliis is illustrated by 
Fig. 112. fig. 112, where suppose a 

pistol to be firea at a, 

C while the reflecting sur- 

% &ce is at c; then the echo 

will be heard at 5, the an- 
gles 2 and 1 being equal 
to each other. 

Dnaibe tiie experiment pnmng that sound is conducted by a metal wItt 
mater velocity ifcuui by the air. In what lines does sound move 1 Fiomwhal 
kind of soHaoe is sound leflecAed, so as to produce an echo 1 Explain fig. 111. 

12* 
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If 8 sound be emitted between two refleetmg rarfiiees^ 
ranllel to each other, it will reyerberate, or be answered 
Dackwarda and forwards several times. 

F%. 113. Thus, if the sound be made at a, fig. 113, 

it will not only rebound back again to a, but 
will akolbe reflected from the points, o and 
dj and were such reflecting surmces placed 
at every point around a circle from a, the 
sound would be thrown back from them all, 
at the same instant, and would meet again 
at the point a. 

We shall see under the article Optics, 
that light observes exactly the same law in 
respect to its reflection from plane surfaces, and that the anffle 
at which it strikes is called the angle of incidence, and tnat 
under which it leaves the reflecting surfiice is called the angle 
of refiection. The same terms are employed in respect to 
sound. 

In a circle,^ as mentioned above, sound is reflected from 
every plane surface placed around it, and hence if the sound 
is emitted from the centre of a circle, this centre will be the 
point at which the echo will be most distinct 

Suppose the ear to be placed at 
the point a, fig. 114, in the centre 
of a circle ; and let a sound be 
produced at the same point, then it 
will move along the line a e, and 
be reflected from the plane sur- 
1^ face, back on the same line to a ; 
and this will take place firom aU 
the plane surfaces placed around the 
circumference of a circle ; and as 
all these surfaces are at ihe same 
distance from the centre, so the 
reflected sound will arrive at the point a, at the same instant ; 
and the echo will be loud, in proportion to the number and 
perfection of these reflecting surfaces. 

Elzplain fig. 112, and show in what direction sound approaches and leaves 
a reflecting surface. What is the angle under which sound strikes a reflect- 
ing surlaoe called 7 What is the angle under which it leaves arofieetingsar- 
ftoecanedl Is there any diflfer^ioe in the quantity of these two angles 1 Sup 
pose a pistol to be fired m the centre of a circular lottn, where would be m 
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It is apparent that the auditor, in this case, mnst be placed 
in the centre from which the sound proceeds, to receive the 
j^^atest effect But if the shape of the room be oval, or ellip- 
ticaly the sound may be made in one part, and the echo will 
be heard in another part, because the ellipse has two points, 
called foci, at one of which, the sound being produced, it will 
be concentrated in the other. 

Fig. 115. Suppose a sound to be produced at a, 

fiff. 115, it will be reflected from the 
sides of the room, the an^tes of incidence 
being equal to those of reflection, and 
will be concentrated at b. Hence a 
hearer standing at b will be effected by 
the united rays of sound from different 
parts of the room, so that a whisper at a, 
will become audible, at &, when it would 
}C not be heard in any other part of the 
room. Were the sides of the room lined 
with a polished metal, the rays of light 
or heat would be concentrated in Oie 
same manner. 

The reason of this will be understood, when we consider, 
that an ear, placed at c will receive only one ray of the sound 
proceeding from a, while if placed at 5, it will receive the rays 
from all parts of the room. Such a room, whether construct- 
ed by design or accident, would be ^ whispering' gallery. 

On a smooth surface, the rays, or pulses of sound, will pass 
witii less impediment than on a rough one. For this reason, 
persons can talk to each other on the opposite sides of a river, 
when they could not be understood to the same distance over 
the land. The report of a cannon, at sea, when the water is 
smooth, may be heard at a great distance, but if the sea is 
rough, even wiUiout wind, the sound will be broken, and will 
reach only half as far. 

The string's of musical instruments are elastic cords, which 
being fixed at each end, produce 430unds, by vibrating in the 
midcDe. 




Explain fig. 114, and give the reason. Suppose a sound to be produced 
in one of the foci of an etfipse, where then mijgnt it be distinctly heard 1 Ex- 
nlain fig. 115, and give the reason. Why is it that persons can converse on 
the oppodte sides <?a river, when they could not hear each other at thesame 
distaiioe over tli0 land) liowdo the strings ofmuaical instruments produce 
sovrndsl 
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Tlie string of a violin or piano, when ptklled to one side by 
its middle, and lei go, vibrates backwards and forwards, like 
a pendulum, and striking rapidly against the air, produces 
tones, which, are grave, or acute, according to its tension, siae, 
or length. 

The manner in which such a string vibrates, is shown bv 

fig. ua ^ 

Fig. 116. If pulled from 6 to 

C^ a, it will not stop a- 

'gain at e, but in pas- 
sing from a to 6, it 
will gain a momen- 
tum, which will car 
ry it to Cj and in re- 
turning, its momen 
turn will affain carry it to d, and so on, backwards and forwards, 
like a pendulum, until its tension, and the resistance of the 
air, will finally bring it to rest 

The grave, or sharp tones of the same string, depend on 
its different degrees of tension ; hence, if a string be struck, 
and while vibrating, its tension be increased, its tone will 
be changed from a lower to a higher pitch. 

Strings of the same length are made to vibrate slow, or 
quick, and consequently to produce a variety of sounds, hy 
making some larger than others, and giving them different 
degrees of tension. The violin and bass viol,Bxe familiar ex- 
amples of this. The low, or bass strings, are covered with 
metallic wire, in order to make their magnitude and weight, 
prevent their vibrations from being too rapid, and thus they 
are made to give deep or grave tones. The other strings are 
diminished in thickness, and increased in tension, so as to 
make them produce a greater number of vibrations in a given 
time, and thus their ton^s become sharp or acute, in pro 
portion. 

Under certain circumstances, a long string will divide itself 
into halves, thirds, or quarters, without depressing any part 
of it, and thus give several harmonious tones at the same tune. 
'Die fiiiry tones of the JSolian harp are produced in this 
manner. This instrument consists of a simple box of wood, 
with four or five strings, two or three feet, long, fastened at 

Elxpbia fig. 116. On what do the grave or acute tones of the same string 
dflpeadi Whyue Uie bass strings of instrainents covered with metallK 
win t Wby « there a variety of tones in the w£<^an harp, since all the 
slii^p aK tonrf in unison 1 
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each and* These are tuned in unison, so that when made to 
ribrate with force, they produce the same tones. But when 
suspended in a ^ntle breeze, each string, according to the 
manner or force in which it receives the olast, either sounds 
as a whole, or is divided into several parts, as above described* 
** The result of which," says Dr. Amot, " is the production of 
the most pleasing combination, and succession of sounds, 
that the ear ever listened to, or fancy perhaps conceived. 
After a pause, this fairy harp is often heard beginning with a 
low, and solemn note, like the bass of distant music in the 
sky ; the sound then swells as if approaching, and other tones 
break forth, mingling with the first, and with each other.'* 

The manner in which a string vibrates in parts, will be un- 
derstood by fig. 1 17. 

Fig. 117. 




Suppose the whole length of the string to be from a to 5, 
and tnat it is fixed at these two points. The portion firom h 
to c, vibrates as though it was fixed at c, and its tone differs 
firom those of the other parts of the string. The same happens 
firom c to df and from d to a. While a string is thus vibra- 
tinfft if a small piece of paper be laid on the part c, or (2, it 
•wifl remain, but if placed. on any other part of the string, it 
wUl be shaken ofiT. • 

Wind. 

Wind is nothing more than air in motion. The use of a 
ftm, in warm weather, only serves to move the air, and thus to 
make a little breeze about the person using it. 

As a natural phenomenon, that motion of the air which we 
call wind, is- produced in consequence of there being a greater 
degree of heat in one place than in another. The air thus- 
heated, rises upward, wnile that which surrounds this, moves 
forward to restore the equilibrium. 

The truth of this is illustrated by the fact, that during the 
burning of a house in a calm night, the motion of the air to- 
wards the place, where it is thus rarefied, makes the wind blow 
firom every point towards the flame. 

E xplain fig. 117, showiijg the manner in which strings vibrate in parts. 
What is wind 1 As a natural phenomenon how is wind produced, or — **-♦ 
is the cause of wind 7 How is this illustrated 1 
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In islands situated in hot climates, this principle is charming* 
ly illiistrated. The land, during the da^ time, bein^ under the 
rays of a tropical sun, becomes heated in a greater degree than 
the surrounding ocean, and consequently, mere rises from the 
]and a stream of warm air, during the day, while the cooler 
air from the surface of the water, moving forward to supply 
this partial vacancy, produces a cool breeze setting inland on 
all sides of the island. This constitutes the sea breeze, which 
^ so delightful to the inhabitants of those hot countries, and 
without which men could hardly exist in some of the most lux- 
uriant islands between the tropics. 

During the night the motion of the air is reversed, because 
the earth being heated superficially, soon cools when the sun 
is absent, while the water being warmed several feet below 
its surface retains its heat longer. 

Consequently towards morning, the earth becomes colder 
than the water, and the air sinkmg down upon it, seeks an 
equilibrium by flowing outwards, like rays from a centre, and 
thus the Ictnd hreeze is produced. 

The wind then continues to, blow from the land, until the 
equilibrium is restored, or until the morning sun makes the 
land of the same temperature as the water, when for a time 
there will be a dead calm. Then again the land becoming 
warmer than the water, the sea breeze returns as before, and 
thus the inhabitants of those sultry climates are constantly re- 
freshed during the summer season, with alternate land and sea 
breezes. • 

At the equator, which is a part of the earth continually un- 
der the heat of a burning sun, the air is expanded and ascends 
upwards so as to produce currents from the north and south, 
which move forward to supply the place of the heated air as it 
rises. These two currents, coming from latitudfs where the 
daily motion of the earth is less than at the equator, do not 
obtain its full rate of motion, and therefore when they ap- 
proach the equator, do not move so fast eastward as that poi> 
tion of the earth, by the difference between the equator's 
velocity, and that of the latitudes from which they come. 
This wind therefore falls behind the earth in her diurnal 
motion, and consequently has a relative motion towards the 

In the islands of hot climates, wh^ does the wind blow inland during the 
day , and off the land during the night ? What are these hreeses csSiedl 
What is said of the ascent of heated air at the equator 1 What is the oonae- 
quence on the air towards the noitfa and south 1 
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west This constant breeze towards the west is called the 
trade windy because a large portion of the commerce of nih 
tions comes within its influence. 

While the air in the lower regions of the atmosphere is 
thus constantly flowing from the north and south towards the 
equator, and forming me trade winds between the tropics, the 
heated air from these regions as perpetually rises and forms 
a counter current through the higher re^ons towards the north 
and south from the tropics, thus restoring the equilibrium. 

This counter' motion of the air in the upper and lower re- 
gions is illustrated by a very simple experiment. Open a door 
a few inches, leading into a heated room, and hold a lighted 
candle at the top of the passage; the current of air as indica- 
ted by the direction of the flame, will be oui of the room. 
Then set the candle on the floor, and it will show that the cur- 
rent is there into the I'oom. Thus, while the heated air rises 
and passes out of the room, that which is colder flows in, along 
the floor, to take its place. 

This explains the reason why our feet are apt tosuflfer with 
the cold, in a room moderately heated, while the other parts 
of the body are comfortable. It also explains why those who 
sit in the gallery of a church are sufficiently warm, whUe those 
who sit below may be shivering with the cold. 

From stich facts, showing the tendency of heated air to as- 
cend, while that which is colder moves forward to supply its 
place, it is easy to account for the reason why the wind olows 
perpetually from the north and south towards the tropics; for, 
the air being heated, as stated above, it ascends, and tnen flows 
north and south towards the poles, until, growing cold, it 
sinks down, and again flows towards the equator. 

Fig. 118. Perhaps 

d^ e^ these oppo- 

site motions 
of^ the two 
currents will 
be better un- 
derstood by 
the sketch, 

a figure 118. 

* 

How are the trade winds ibnned 1 While the air ia the lower regions 
flows firom the noiih and soufli towards the equator, in what direction does 
k flow in higher regions 1 How is this coonter ctinent iii lower and a{^)er 
ff^gioiis illui£rated by a simple experiment 7 
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Sappose aheVo represent n portion of the earth's surface, 
• bong towards the north pole, c towards the south pole, and 
h the equator. The currents of ah* are supposed to pass in the 
direction of the arrows. The wind, therefore, from a tx) b 
would blow, on the surface of the earth, from north to south, 
while from c to a, the upper current would pass from south to 
iNMth, until it came to a, when it would change its direction 
towards the south. The currents in the southern hemisphere 
being goYemed by the same laws, would assume similar direc- 
tiona. 

OPTICS. 

Optics is that science which treats of vision, and the pro 
perties and phenomena of light 

The term optics is derived from a Greek word, which sig- 
nifies seeing. 

This science involves some of the most elegant and import- 
ant branches of natural philosophy. It presents us with ex- 
periments which are attractive by their beauty, and which as- 
tonish us by their novelty ; and, at the same time, it investi- 
gates the principles of some of the most useful among the ar- 
ticles of common life. 

There are two opinions concerning the nature of Hght. 
Some maintain that it is composed of material particles, which 
are constantly thrown off from the luminous body ; while 
others suppose that it is a fluid diflused through all nature, 
and that the luminous, or burning body,, occasions waves or 
undulations in this fluid, by which the light is propagated in 
the same manner as sound is conveyed through the air. The 
most probable opinion, however, is, that light is composed ol 
exceedingly minute particles of matter. But whatever may 
be the nature or cause of light, it has certain general proper- 
ties or effects which we can investigate. Thus, by experi- 
ments, we can determine tlie laws by which it is governed in 
its passage through different transparent substances, and also 
those by which it is governed when it strikes a substance 
through which it cannot pass. We can hkewise test its na- 
ture to a certain degree, by decomposing or dividing it into its 
elementary parts, as the chemist decomposes any substance he 
wishes to analyze. 

What common fiict does this experiment iHnstratel Define Optra 
What is said of the elegance and tmportonce of this sdenee ? What are ibb 
two opimons conoeming the nature of light ? What is the most probable 
opinion 1 
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To understand the science of optics, it is necessary to de- 
fine several terms, which, although some of them may be in 
common use, have a technical meaning, when applied to this 
science. 

Light is that principle, or substance, which enables us to see 
any body from which it proceeds. If a luminous substance, 
as a burning candle, be carried into a dark room, the objects 
in the room become visible, because they reflect the light of 
the candle to our eyes. {For the Chemical effects of liight^ 
see Chemistry.) 

JLuminous bodies are such as emit light from their own 
substance. The sun, fire, and phosphorus, are luminous bo- 
dies. The moon, and the other planets are not luminous, 
since they borrow their light from tne sun. 

Transparent bodies are such as permit the rays of light to 
pass freeV through them. Air an^d some of L gasis are 
perfectly transparent, since they transmit light without being 
visible ^nemselves. • Glass and water are also considered trans- 
parent, but they are not perfectly so, since they are themselves 
visible, and therefore do not suffer the light to pass through 
t]iem without interruption. 

Translucent bodies are such as permit the light to pass, but 
not in sufficient quantity to render objects distinct, when seen 
through them. 

Opaque is the reverse of transparent. Any body which per- 
mits none of the rays of light to pass through it, is opaque. 

Illuminated, enlightened. Any thing is illuminated when 
the light shines upon it, so as to make it visible. Every object 
exposed to the sun is illuminated. A lamp illuminates a room, 
and every thing in it. 

A Ray is a single line of light, as it comes from a luminous 
body, 

A Beam of light is a body of parallel rays. 

A Pencil of light is a body of diverging or converging rays. 

Divergent rays, are such as come from a point, and contin- 
ually separate wider apart, as they proceed. 

What is light 1 What is a luminous body 1 What is a transparent body 1 
Arc glas9 and water perfectly transparent 1 How is i t pr oved that air is 
per&ctly transparent 7 What are translucent bodies 7 What are opaque 
bodies ? What is meant b^ illuminated 1 What is a ray of light 1 What 
.abe.., WhatapenC. What ^ averment rays 1 
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Convergent rays, are those which approach each other, so 
as to meet at a common point. 

Luminotts bodies emit rays, or pencils of light, in every di- 
rection, so that the space through which they are visable is 
filled with them at every possible point. 

Thus, the sun illuminates every point of space, within the 
whole solar system. A light, as that of a light house, which 
can be seen from the distance of ten miles in one direction, 
fills every point in a circuit of ten miles from it, with light. 
Were this not the case, the light from it could not be seen firom 
every point within that circumference. 

The rays of light move forward in straight lines from the 
luminous body, and are never turned out of their course ex- 
cept by some obstacle. 

^•^^' Leta, fig. 119, 

be a beam of light 
from the sun pass-^ 
ing through a 
small orifice in 
the window shut- 
ter b. The sun 
cannot be seen through the crooked tube c, because the beam 
- mining in a straight line, strikes the side of the tube, and 
therefore does not pass through it. 

AU Uie illtuninated bodies, whether natural or artificial, 
throw off light in every direction of tlie same color as them- 
I selves, thouffh the light with which they are illuminated is 
white or wimout color. 

This fact is obvious to all who are endowed with sight. 
Thus, the light proceeding from grass is green, while Oiat 
proceeding from a rose is red, and so of every other color. 

We shall be convinced, in another place, that the white 
light with which things are illuminated is really composed of 
several colors, and that bodies reflect only the rays of their 
own colors, while they absorb all the other rays. 

Light moves with tne amazing rapidity of about 95 millions 
o{ miles in 8k minutes, since it is proved by certain astro- 
MUttcal observations, that the light of the sun come^ to the 

fHialaie conveigent rays? In what direction do luminous bodies emit 
"^y Bow is it ^oved that a luminous body fills every point within a cer- 
• • noe mtfi lighit ^ Why cannot a beam of light be seen through a 
t^ YHiBtis the color of the light which different bodies throw off 1 
itamoff gic^ ^ht, what becomes of the other rays ? 
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earth in that time. This velocity is so great, that to any dis- 
tance at which an artificial light can be seen, it seems to be 
transmitted instantaneously. 

If a ton of gunpowder were exploded on the top of a moun- 
tain, where its light could be seen a hundred miles, no per- 
ceptible difference would be observed in the time of its ap- 
pearance on the spot, and at the distance of a hundred miles. 

Refraction of Light, 

Although a ray of light will always pass in a straight line, 
when not interrupted, yet when it passes obliquely fiom one 
transparent body into another, of a different density, it leaves 
its linear direction, and is bent, or refracted, more or less, out 
of its former course. This change in the direction of light, 
seems to arise from a certain power, or quality, which trans- 
parent bodies possess in different degrees; for some sub- 
Fig. 120. stances bend the rays of light much 

more obliquely than others. 

The manner in which the rays of 
light are refracted, may be readily un- 
derstood by fig. 120. 

Let a be a ray of the sun's light, pro- 
ceeding obliquely towards the surface 
of the water c, c^ and let e be the point 
which it would strike, if moving only 
through the air. Now,*in3tead of pass- 
ing through the water in the line a, e, it will be bent or re- 
Fig. 121. fracted, on entering the water, 

from to n, and having passed 
through the fluid it is again re- 
fracted in a contrary direction 
on passing out of the water, 
and then proceeds onward in 
a straight line as before. 

The refraction of water is 
beautifully proved by the fol- 
_ lowing simple experiment. 

"c ^^ Place an empty cup, fig. 121, 
with a shilling on the bottom, in such a position, that the side 

What is the rate of velocity with which Hght moves 7 Can we perceive 
any difleience in the lime which it takes an artificial light to pass to us fix>m 
a eieaf or sniall distance 1 What is meant by the remiction of light 1 Do 
alftransparent bodies refract light equally 1 
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of the cup will just hide the piece of money from (he eye. 
Then let another person fill tne cup with water, keeping the 
eye in the s&me position as before. Ab the water is poured 
in, the shiUinff will become visible, appearine to rise with 
the water. The efiecl of the water is to bend the ray of livhl 
coming from the ehilling, so as to make it meet the eye below 
the point where it otherwise would. Thus the eye could not 
see the shilling in the direction of'c, since the line of vision 
is towards a, and c is hidden by the side of the cup. But the 
refraction of the water bends 'the ray downwards, producing 
the same efiect as though the object had been raised upwards, 
and hence it becomes visible. 

The transparent body through which the light passes is 
called the medium, and it is. found in all cases, "that where a 
ray of light passes obliquely from one m.edium into another of 
a different density, it is refracted, or turned out of its former 
course." This is illustrated in the above examples, the water 
being a more dense medium than the air. The refraction takes 
place at the sur&ce of the medium, and the ray is refracted ill 
Its passage out of the refracting substance as well a^ into it. 

If the ray, after having passed through the water, thcti 
strikes upon a still more dense medium, as a pane of glass, it 
E^. 122. >vill again be refracted. It is understood, 
that in all cases the ray must fall upon the 
refracting medium obliquely in order to be re- 
fracted, for if it proceeds from one medium to 
another perpendicularly to their surfaces, it 
t will pass straight through them all, and no re- 
fraction will take place. 

Thus, in fig;. 1^ let a represent air, & wa- 

, ter, and c a piece of glass. The ray d striking 

' each medium in a perpendicular direction, 

passes through them all in a straight line. The 

oblique ray passes ihrou^h the air in ihe di- 

' rection of c, but meeting the water, is refracted 

„ a in the direction of o ; then falling upon the 

glass, it is again refracted in the direction of 

p, nearly parallel with the perpendicular line d. 

E^ilaiii fig. 120. and show bow the ray is refracted in paeeing jnlo and 
(hU of the water, EiplaJn fig. ISl, and sbite tbe reason nh; the ehilling 
■eems to be raised up by pouring in the water. What is > medium 1 In 
what direction most a ray of light pass towards the medium to he refracted 1 
Win a ray ibHiiiK peipendicularlj on a medium be rc&acted t Explafal 
fig. 133, and show bow the ra^e is refracted. 
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In all case* ■»*("■« the ray passes out of a rarer into a den- 
ser mediuTit, it ts refracted towards a pervendicvXar ii'ne, 
o Fig. 123 raised from the surface of the denser me- 

a dium, and so, when it passes out of a den- 

ser, into a rarer medtum, it is refracted 
from the same perpendicular. 

Let the medium b, fig. 133, be glass, and 
the medium c, water. The ray a, as it 
&II3 upon the medium b, is refracted to- 
wards the perpendicular line e, d; but 
_ when it enters the water, whose refractiTe 
' power ia less than that of glass, it is not 
Dent so near the perpendicular as before, 
^ and hence it is refracted from, instead of 
towards the perpendicular line, and approaches the onginal 
direction of the ray a, e*, when passing through the air. 

The cause of refraction appeara to be the power of attrac- 
tion, which the denser medium exerts on the passing ray 
and in all cases the attracting force acts in the direction of a 
perpendicuhir to the refracting surface. 

The refraction of the rays of light, as they fall upon the sur- 
face of the water, is the reason why a straight rod, with one 
end in the water and the other end rising above it, appears to 
be broken, or bent, and also to be shortened. 

^ 12^ Suppose the rod a, fig. 134, to be set with 

one half of its length below the surface of the 
^ j_ water, and the omer half above it The eye 

I j''^ being placed in an oblique direction, will see 

I e^^ ^^ lower end apparently at thepoint o, while . 
^^■■^HH the real termination of'^the roo would be at 
^^■^^^^1 n : the refraction will therefore make the 
^^^^^^^1 rod appear shorter by the distance from o to 
'^^^^^^^^ n, or one fourth shorter than the part below 
the water really is. The reason why the rod appears dialo^^ 
ed, or broken, is, that we judge of the direction of the part 
which is under the water, by that which is above it, and the re- 
fraction of the rays coming from below the surface of the water, 
give them a different direction, when compared with those com- 
ing &om that part of the rod which is above it. Hence, when 
When tbe ra.; paasea ant of & raier into & denser medium, in what di- 
MCtiaa ia it refnicted 1 Wlien it pones oat of a denser into a rarer mediaiD, 
m what direction is the re&actioni Eltplain chisb? fig, 133. Whftt ii the 
CMM of reOiaetioa 1 Whatia the i^aon that & rod, with one end in lt»—^ 
Mr, appean diitortad andebonerthsnit reaDjisI 
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die whole rod is below the water, no such distorted appearfttice 
is observed, because then all the rays are refracted equally. 

For the reason just explained, persons are often decayed 
in respec^t to the cfepth of water, the refraction making it ap- 
pear much more shallow than it really is ; and there is no 
aoubt but the most serious accidents hare often happened to 
those who have gone into the water under such deception . 
for a pond which is really six feet deep, will appear to the eye 
only a little more than four feet deep. 

Reflection of Light 

If a boy throws his ball against the side of a house swifUy, 
and in a perpendicular direction, it will bound back nearly in 
the line ui which it was thrown, and he will be able to catch 
it with his hands ; but if the ball be thrown obliquely to the 
right, or left, it will bound away from the side of the house in 
the same re]atiYe direction in which it was thrown. 

The reflection of light, so far as regards the line of ap- 
proach, knd the line of leaving a reflecting 
Pig. 125. surface, is governed by the same law 

£ * Thus, it a sun beam, fig. 125, passing 

H through a small aperture in the window 
shutter a, be permitted to fall upon the 
m plane mirror, or looking glass, c, d^ at 
right angles, it will be reflected back at 
ri^ht angles with the mirror, and therefore 
^ will pass back again in exactly the same 

direction in which it approached. 
- But if the ray strikes the mirror in wi oblique direction, it 

Fig. 196. ^^^^ ^^^^ ^ thrown oflf in an oblique di- 

rection opposite to that in which it was 
thrown. 

Let a ray pass towards a mirror in the 
line a, c, fig. 126, it will be reflected oflf in 
the direction of c, d, making the angles 1 
a^id 2 exactly equal. 

The ray a, c, is called the incident ray, 

and the ray c, d, the reflected ray ; and it 

is found in all cases, that whatever angle 

the ray of incidence makes with the reflect- 

Why does the water in a pond appear less deep than It really is 7 Suppose 
a ton beam ftll upon a plane mirrar at right angfes with its surface, in what 
direction will it be lefiected 1 Suppose the ray fidb obliquely on its soiibce, 
in what diiection will it then be reflectedl What is aninddent ray officii 
What is a reflected ray of Kght ^ - ' ^^ 
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ing surface, or with a perpendicular line drawn 
from the reflecting surface, exactly the same 
angle is made by the reflected ray. 

From these facts, arise the general law in 
optics, that the angle of reflection is equal to 
tnse angle of incidence. 

The ray a, c, fig. 127, is the ray of incidence, 
and that from c to d, is the ray of reflection. 
The angles which a, c, make with the perpen- 
dicular line, and with the plane of the mirror, 
is exactly equal to those made by c, (f, with 
the same perpendicular, and the same plane 
surface. 

Mirrors. 

Mirrors are of three kinds, namely, 'plane, convex, and con- 
cave. They are made of polished metal, or of glass covered 
on the betck with an amalgam of tin and quicksilver. 

The common looking glass is a plane mirror, and consists 
of a plate of ground glass so highly polished as to permit the 
rays of light to pass through it vn\h little interruption. On 
the back of this plate is placed the reflecting surface, which 
consists of a mixture of tin and mercury. The glass plate, 
therefore, only answers the purpose of sustaining the metallic 
surface in its place, — of admitting the rays of li^ht to, and 
from it, and of preventing its surfece from tamishmg, by e3f- 
cluding the air. Could the metallic surface, however, be re- 
tained m its place, and not exposed to the air. without the glass 
plate, these mirrors would be much more perfect than they 
are, since, in practice, glass cannot be made so perfect as to 
transmit ail the rays of Ught which fall on its surface. 

When applied to the plane mirror, the angles of incidence 
and of reflection are equal, as already stated, and it therefore 
follows, that when the rays of light fall upon it obliquely in one 
direction, they are thrown off under the same angle in the op- 
posite direction. 

This is the reason why the images of objects can be seen 
when the objects themselves are not visible. 

What general law in optics resultB firom obflervations on the incident and 
feflected rajs? How many kinds of minors are there? What kind of 
aattat is the common locking gtaasl Of what use is the glass plate m tins 
ooostrttotioQ of this mirror 1 
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Fig. 126. ^ Suppose the mirror a &, fig. 128, to be 

placed on the side of a room, and a lamp 
to be set in another room, but so situa> 
ted, as that its light would shine upon 
the glass. The lamp itself could not be 
xi, seen by the eye placed*at e, because the 
partition d is between them; but its 
imaffe would be visible at e, because the 
angle of the incident ray, coming from 
the light, and that of the reflected ray 
which reaches the eye, are equal. 

An image from a plane mirror appears 
to be just as far behind the mirror, as the 
olnect is before it, so that when a person approaches this 
mirror, his image seems to come forward to meet him ; and 
when he withdraws from it, his image appears- to b.e moving 
backward at the same rate« For the same reason the diflferent 
parts of the same object will appear to extend as far behind 
the mirror, as they are before it 

If, for instance, one end of a rod two feet long be made to 
touch the surface of such a mirror, this end of the rod, and its 
image, will seem nearly to touch each other, there being only 
the thickness of the glass between them ; while the other end 
of the rod, and the other end of its image, will appear to be 
equally dbtant from the point of contact. 

The reason of this is explained on the principle, that the 
angle of incidence and that of reflection is equal. 



Fig. 129. 




Suppose the arrow a, to be the 
object reflected by the mirror d c 
fig. 129; the incident- rays <u 
flowing from the end of the ar 
row, being thrown back by reflec- 
tion, will meet the eye in the 
same state of divergence that 
they would do, if they proceeded 
to me same distance behind the 
mirror, that the eye is before it, 
as at 0. Therefore, hj the same 



Explain fig. 138, and show how the image of an object can be seen in a 
|j|ane minor, when the real object is invisible. The ima^e of an object 
luppeam just as fitr behind a plane minor, as the object is before it : ezpudB 
ng. 129, and show why this is the case. 
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law, the reflected rays, where they meet the eye at e, appear 
to diverge from a point A, just as far behind the mirror, as a 
is before it, and consequently the end of the arrow most re- 
mote fro^^ibBglass, will appear to be at A, or the point where 
the approacnmg rays would meet, were they continued on- 
ward behind the glass. The rays flowing from every other 
part of the arrow follow the same law ; and thus every part 
of the image seems to be at the same distance behind the 
mirror, that the object really is before it. 

In a plane mirror, a person may see his whole image, when 
the mirror is only half as long as himself; let him stand at 
any distance from it whatever. 

This is also explained by the law, that the angles of inci- 
dence and reflection are equal. If the mirror be elevated, so 
that the ray of light from the eye falls perpendicularly upon 
the mirror, this ray will be thrown back by reflection in the 
sanrie direction, so that the incident and reflected ray by which 
the image of the eyes and face are formed, ^vill be nearly pa 
rallel, wnile the ray flowing from his feet will fall on the mir- 
ror obliquely, and will be reflected as obliquely in the con- 
trary direction, and so of all the other rays by which the im- 
age of the diflferejit parts of the person is formed. 

Fig. 130. Thus suppose the mir- 

,^5j^r ror c e, fig. 130, to be just 
»^ half as long as the arrow 
placed before it, and sup- 
pose the ey^ to be placed 
at a. Then the ray a e, 
proceeding from the eye 
at a, and falling perpen- 
dicularly on the glass at 
c, will be reflected' back 
to the eye in the same 
line, and this part of the 
image will appear at J, in the same line, and at the same dis- 
tance behind the glass that the arrow is before it: But the 
ray flowing from the lower extremity of the arrow, will fall 
on the mirror obliquely, as at e, and will be reflected under 
the same angle to the eye, and therefore the extremity of the 

What must be the comparative length of a plane mirror, in which a pei»>c 
mav see his whole image 1 In what part of the image, fig. 130, are thf 
incidental and reflected rays nearly parallel 1 Why does the image of the 
lower pait of the arrow appear atd^ 
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image, appearing in the directioiv of the reflected ray, vnll be 
seen at d. The rays flowing from the other parts of the 
arrow, will observe the same* law, and thus the whole image 
is seen distinctly, and in the same position as the object 

To render this still more obvious, suppose the mirror to be 
removed, and another arrow to be placed in the position where 
its image appears, behind the mirror, of the ^same length as 
the one bemre it Then the eye, being in the same position 
as represented in the figure, would see the diflerent parts of 
the real arrow in the same direction that it before saw the 
image. Thus the ray flowing from the upper extremity of the 
arrow, would meet the eye in the direction of b c, while the 
ray coming from the lower extremity, would fall on it in the 
direction of e d.. 

Convex Mirror* A convex mir- 
ror is a part of a sphere, or globe 
reflecting from the outside. 

Suppose fig. 131 to be a sphere, 
then the part from a to o, would be 
a section of the sphere. Any part 
c of a hollow ball of glass, with an 
amalgam of tin and quicksilver 
spread on the inside, or any part 
of a metallic globe polished on the 
outside, would form a convex mir- 



E>g. 131. 




F[g. 133. 



ror. 




The axis of a convex mirror, is a 

line as 'c b, passing through its centre. 

Rays of light are said to diverge, 

0- when they proceed from the same 

point, and constantly recede from each 

other, as from the point a, ^g. 132. 

Rays of light are said to converge^ 

when they approach each other in 

such a directittn as finally to meet at a point, as at 6, fig. 132. 

The image formed by a plane mirror, as we have already 

seen, is of the same size as the object, but the unage reflected 

from the convex mirror is always smaller than the object 

Suppose the mirror, fig. 130, to be removed, and Jui arrow of the same 
length to be placed where the image appeared, would the direction of the 
rays from the arrow be the same that they were from* the image 1 What is 
a convex mirror? What is the axis of a convex mirror ? What are divenr* 
ing Ffiys 1 What are converging rays 1 • ^ 




MIRRORS. 155 

The law which governs the passage of light with respect to 
tlie angles of incidence and reflection, to and from the con- 
vex mirror, is the same as already stated, for the plane mirror 
From the surface of a plane mirror, parallel rays are reflect- 
ed parallel ; but the convex mirror causes parallel rays falling 
on its surface to diverge^ by reflection. 

Fig. 133. To make this understood, let 

1, 2, 3, fig. 133, be parallel rays, 
falling on the surface of the con- 
vex reflector, of which a would 
be the centre, where the reflector 
a whole sphere. The ray 2 is 
perpendicular to the surntce of 
the mirror, for when continued 
in the same direction, it strikes 
the axis, or centre of the circle a. 
The two ra^s 1 and 3, bein? 
parallel to this, all three woula 
fall on a plane mirror, in a per- 
pendicular direction, and conse- 
quently would be reflected in the lin^s (ff their incidence. 
But the obliquity of the convex surface it is obvious will 
render the direction of the rays 1 and 3, oblique to that sur- 
face, for the same reason that 2 is perpendicular to that part 
of the circle on which it falls. Rays falling on any part of 
this mirror, in a direction, which, if continued through the 
circumference, would strike the centre, are perpendicular to 
the side where they fall. Thus, the dotted lines c a, and d 
a, are perpendicular to the surface, as well as 2. 

Now the reflection of the ray 2, will be back in the line of 
its incidence, but the rays 1 and 3, falling obliquely, are re- 
flected under the same angles at which they fall, and therefore 
their lines of reflection will be as far without the perpendicular 
lines c a, and d a, as the lines of their incident rays, 1, and 3, are 
within them, and consequently they will diverge in the direc- 
tion of e and o ; and since we always see the unage in the di« 
rection of the reflected ray* an object placed at 1, would ap 
pear behind the surface of the mirror at n, or in the direction 
of the line o n. 



What law governs the passage of fight from and to tlie convex nur- 
lor 1 Are psSaUel rays ftffing on a convex minor, zefleded pazaDel t 
Explain fig. 133. 
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Perhaps the subject of the convex mirror willbebetterimder- 
stood by considering its surface to be formed of a number oi 
jJane surfaces, indennitely small. In this case, each point 
from which a ray is reflected, would act in the same' manner 
as a plane mirror, and the whole, in the manner of a number 
of mmute mirrors inclined from each other. 

Suppose a and &, flg. 134, to be 
the points on a convex mirrorfrom 
which the two parallel rays, c and 
(Z, are reflected. Now, from the 
surface of a plaue mirror, the re- 
flected rays would be parallel, 
whenever the incident ones are 
so, because each will fall upon the 
surface under the same angles. 
But it is obvious in the present 
case, that these rays fall upon the 
surfaces a, sud &, under diflerent angles, as respects the sur« 
faces, c, approaching in a more oblique direction than d ; con- 
sequently c is reflected more obliquely than d, and the two 
reflected rays, instead of being parallel, as before, diverge in 
the direction of n and o. 

Again, the two converging 
rays a and hi ^g. 135, without 
the interposition of the reflect- 
- ing surfaces, would meef at c, 
but because the angles of reflec- 
tion are equal to those of inci- 
dence, and because the surfa- 
ces of reflection are inclined to 
each other, these rays are re- 
flected less convergent, and in- 
stead of meeting at the same 
distance before the mirror, that 
^ c is behind it, are sent ofl* in 

the direction of c, at which point they meet. 

" Thiis parallel rays falling on a convex mirror ^ are render* 
ed diverging by rejle.ction ; converging rays are made less 
convergent, or parallel, and diverging rays more divergent. 

How is the action of the convex mirror illustrated by a number of 
plane mirrors 1 Explain fig. 135. What effect does the convex mirror 
nave upon parallel rays by reflection 1 What is its effect on conveigiqg 
rays ? What is its enect on diverging rays 7 



Fig. 135. 
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*rhe eflect of the convex mirror, therefore, is to disperse the 
rays of light in all directions ; and it is proper here to remind 
the pupil, that although the rays of lignt are represented on 
paper by single lines, there are in fact probably minions of rays, 
proceeding from every point of all visible bodies. Only a 
comparatively small number of these rays, it is true, can enter 
the eye, for it is only by those which proceed in straight lines 
from the different parts of the object, and enter the pupil, that 
the sense of vision is excited. 

Now, to conceive how exceedingly small must be the pro 
portion of light thrown off, from any visible object which en- 
ters the eye, we must consider that the same object reflects 
rays in every other direction, as well as in that in which it is 
seen. Thus, the gilded ball on the steeple of a church may 
be seen by millions of persons at the same time, who stand 
upon the ground ; and were millions more raised above these, 
it would be visible to all. 

When, therefore, it is said, that the convex mirror disperses 
the rays of light which fall upon it from any object, and when the 
direction of Siese reflected rays are shown only by single lines, 
it must be remembered, that each line represents pencils of 
rays, and that the light not only flows from the parts of the ob- 
ject thus designated^ but from all the other parts. Were this 
not the case, me object would be visible only at certain points. 
The images of objects reflected "from the convex mirror 
appear curved, because their different parts are not equally 
distant from its surface. 

Fig. 136. If the object a, be placed 

obliquely before the convex 
mirror, flg. 136, then the con- 
verging rays from its two ex- 
tremities falling obliquely on 
its surface, would, were they 
prolonged through the mirror, 
meet at the point c, behind it. 
But instead of being thus con- 
tinued, they are thrown back 
by the mirror, in less conver- 

Do tlie ray^of light proceed only from the extremities of objects, as repre- 
jented in figures, or from all their parts 1 Do all the rays of light proceed- 
ing from an object enter the eye, or only a few of them 1 What would be 
the consequence, if the rays of lisht proceeded only from the parts of an ob- 
ject shown in diagrams 1 Why do ine images of objects reflected from con- 
vex mirroiB appear curved t 

14 
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gent Hiiefl, which meet the eye at c, it Hbong, 9b we have seen, 
one of the properties of this mirror, to reflect convergiiig rays 
less convergent than before. 

The image heing always seen in the direction from which 
the rays approach the eye, it appears hehind the mirror at d. 
If the eye oe kept in the same position, and the object a, be 
mored rarther from the mirror, its image will appear smaller, 
in a proportion inversely to the distance to wmch it is re- 
moved. Consequently, by the same law, the two ends of ft 
straight oliject will appear smaller than its middle, because 
they are further from the reflecting sur&ce of the mirror. 
Thus, the images of straight objects, held before a convex 
mirror, aippear curved, and for the same reason, the features 
of the face appear out of proportion, the nose being too large, 
and the checKS too small, or narrow. 

The reason why the image appears less than the object is, 
that the convex surface of the mirror has the property, as sta 
ted above, of decreasing the convergency of the incidental 
rays by reflection. 

rfow, objects appear to us large or small, in proportion to 
die angle which the rays of light, proceeding from their ex- 
treme parts form, when they meet at die eye. For it is plain 
that the half of any object will appear under a less ande than 
the whole, and the quarter under a less ansle still. Therefore 
the smaller an object is, the smaller wiU oe the angle under 
which it will appear at a dven distance. If then a mirror 
makes the angle under which an object is seen aipaUer, the 
object itself will seem smaller than it really is. Hence the 
^- ^^' image of an object, when re- 

flected from the convex mir- 
ror, appears smaller than the 
object itself. This will be 
understood bvfig. 137. 

Suppose the rays flowing 
from the extremities of the 
object a, to be reflected back 
to c, under the same degrees 
^^.- ^ of convergence at which they 

^'^ strike the mirror, then as in 




Why do tbe featnras of the face appear out of proportkm, by this mirror 1 
Why does an ioiage reflected from aoonvez surface appear smaller than the 
ohfect 1 Why does the half of an ol>jeet appear to the eye smaller than the 
wnolel 
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Fig. 138. 



the plane mirror, the unage dj would appear of the same siit 
as the object a; for if the rays from a were prolonged behind 
the mirror, they would meet at 5, but forming the same angle, 
by reflection, that they would do, if thus prolonged, ^e obieol 
seen from b, and its uiiage from c, would appear of the same 
dimensions. 

But instead of this, the rays from the arrow a, beinff ren- 
bered less converffent by reflection, ace continued onwara, and 
meet the eve under a more acute angle than at c, the angle 
under whicn they actually meet, being represented at e, con- 
sequently the image of tne object is shortened in proportion 
to the acuteness of this angle, and the object appears diminish- 
ed, as represented at o. 

The image of an 'object, as alrea- 
dy stated, appears less as the ob- 
ject is removed to a greater dis- 
tance from the mirror. 

To explain the reason of this, let 
us suppose that the arrow a, fig. 
138, IS diminished by reflection 
from the convex surface, so that-its 
image appearing at <2, with the eye 
at c, shall seem as much smaller in 
proportion to the object, as d is less 
than a. Now, keeping the eye at the same distance from the 
mirror, withdraw tne object, so that it shall be equally distant 
with the eye, and the image will gradually diminish, as the 
arrow is removed. 

The reason of this will be made 
plain by the next figure ; for as the 
arrow is moved backwards, the an- 
gle at c, fig. 139, must be diminish- 
ed, because the rays flowing from 
the extremities of the object fall a 
greater distance before they reach 
the surface of the mirror ; and as 
the angles of the reflected rays 
bear a proportion to those of the 

" Suppose the angles c and 6, fig. 137, are equal, will theie be any diflfemioe 
between the size of the object imd its image 1 How is the imaga affiscted, 
when the object is withdrawn iGrom the snrfiu^ of a oonTex minorl ^ 
plain figoies 138 and 139, and show the reason why the images aie^ 
ed when the objects are xemored from the con^ez minor. 




Fig. 139. 
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inddent ones, so the ansie of vision will become less in pro 
portion as the object is withdrawn. The effect therefor* 
of withdrawing the object, is first to lessen the distance be- 
tween the converging rays* flowing from it, at the point where 
they strike the mirror, and as a consequence to diminish the 
angle under which the reflected rays convey its image to the 
eye. 

In the plane mirror, as already shown, the image appears 
exactly as far behind the mirror as the object is before it, but 
the convex mirror shows the image just under the surface, or, 
when the object is removed to a distance, a little way behind 
it. To understand the reason of this difference, it must be 
remembered, that the plane mirror makes the image seem as 
fiir behind, as the object is before it, because the rays are re- 
flected in the same relative portion, at which they fall upon 
its surface. Thus, parallel rays are reflected parallel ; diver- 
gent rays equally divergent, and convergent rays equally con- 
vergent But the convex mirror, as also above shown, reflects 
convergent rays less convergent, and divergent rays more di- 
vergent, and it is from this property of the convex mirror that 
the image appears near its surface, and not as far behind it as 
the object is before it, as in the plane mirror. 

Fig. 140. A ^^^ ^^ suppose tliat a, fig. 140, is a 

luminous point, from which a pencil of 
diverging rays fall upon a convex mir- 
ror. These rays, as already demon- 
strated, will be reflected more divergent, 
and consequently will meet the eye at e, 
in a wider state of dispersion than they 
fell upon the mirror at o. Now, as the 
image will appear at the point where 
the diverging rays would converge to a 
focus in a contrary direction, were they pVolonged behind the 
mirror, so it cannot appear as far behind the reflecting surface 
as the object is before it, for the more widely the rays meeting 
at the eye are separated, the shorter will be the distance at 
which they will come to a point. The imaffe will therefore 
appear at n, instead of appearing at an equal distance behind 
the mirror that the object a is before it. 

What is said to be the first effect of witMrawing the object ftom a con- 
eave surfhoe, and what the consequence on the angfe of reflected raysl Ex- 
plain the reason why the image appears near tnc surface of the convex 
mirror. 




MIRRORS. 181 

Ckmeave Mirror. The shape of the concave mirror^ ie ex* 
actly like that of the convex mirror, the only difference be- 
tween them being in respect to their reflecting surfaces. The 
reflection of the concave mirror takes place from its inside, 
or concave surface, while that of the convex mirror is from 
the outflttde, of convex surface. Thus the section of a metallic 
sphere, polished on both sides, is both a concave and convex 
mirror, as one or the other side is employed for reflection. 

The effect and phenomena of this mirror will therefore be, 
ia many respects, directly the contrary from those already de- 
tailed in reference to the convex mirror. 

From the plane mirror the relation of the incident rays are 
not changed by reflection ; from the convex mirror they are 
dispersed ; but the concave mirror renders the rays reflected 
from it more convergent, and tends to concentrate them into a 
focus. 

The surface of the concave mirror, like that of the convex, 
may be considered as a great number of minute plane mirrors, 
inclined to each other at certain angles, in proportion to its 
concavity. 

The laws of incidence and reflection, are the same when 
applied to the concave mirror, as those already explained in 
reference to the other mirrors. 

In reference to the concave mirror, let 
us, in the first place, examine the effect of 
two plane mirrors inclined to each other, 
as in fig. 141, on parallel rays of light. 
The incident rays, a and i, being parallel 
before they reach the reflectors, are thrown 
off at unequal angles in respect to each 
other, for b falls on the mirror more ob- 
liquely than a, and consequently is thrown 
off more obliquely in a contrary direction, 
therefore, the angles of reflection being 
equal to those of incidence, the two rays meet at c. Thus we 
see that the effect of two plane mirrors inclined to each other, 
is to make parallel rays converge and meet in a focus. 

What is the shape of the concave mirror, and in what respect does it differ 
ftom the convex nurrort How may convex and concave minors be united 
in the same instrmnent t What is the difference of effect between the con- 
oavei convex^ and plane mirrors, on the reflected rays 7 In what regfieci may 
the oofDcave nurror be ccnundered as a number of plane mimal 

14» 
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The same result would take place, whether the mirror wns 
one continued circle, or an infinite number of small mirrors 
inclined to each other in the same relation as the different 
parts of the circle. 

The effect of this mirror, as we have seen, being to render 
parallel rays convere^ent, the same principle will render di- 
verging rays parallel, and converging rays still more conver- 
gent. 

The focus of a concave mirror is the point where the rays 
are brought together by reflection. The centre of concavity 
in a concave mirror, is the centre of the sphere, of which the 
mirror is a part. In all concave mirrors, tne focus of parallel 
rays, or rays falling directlv from the sun, is at the distance 
of half the semi-diameter of the sphere, or globe, of which the 
fefflector is a part 

Fig. 143. Thus, the parallel rays 1, 

2, 3, &c. fig. 142, all meet 
at the point o, which is 
half the distance between 
■^ the centre a of the whole 
\ — 2 sphere, and the surface 
V ^ of the'reflector, and there- 
fore one quarter the dia- 
meter of the whole sphere, 
of which the mirror is a 
part. 

In concave mirrors of 
all dimensions, the re- 
flected rays follow the 
same law ; that is, paral- 
lel rays meet and cross 
each other at the distance of one fourth the diameter of the 
sphere of which they are sections. This point is called the 
principal focus of tlie reflector. 

But if the incident rays are divergent, the focus will be re- 
moved to a greater distance from the surface of the mirror, 
than when they are parallel, in proportion to their divergency. 
This mi^ht be inferred from the general laws of incidence 
and reflection, but will be made obvious by fig. 143, where 




What is the focus of a concave mirror 7 At what dutance fitom Ha rar- 
6ee is the focus ofparaUelrayi in this minor 1 What is the principal fbcw 
^a concave mirror 1 ^ 
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FSg. 144. 



Ffe. 143. the diverging rays 1, 2, 3, 4, form a fo- 

' cus at the point o, whereas had they 
been parallel, their focus would have 
been at a. That is, the actual focus is 
at the centre of the sphere, instead of 
being half way between the centre and 
circumference, as is the case when the 
^ incident rays are parallel. The real 
focus therefore is beyond, or without 
the principal focus of the mirror. 
By the same law, converging rays will 
form a point within the' principal fo- 
cus of a mirror. 

Thus, were the rays falling on the 
mirror, fig. 144, parallel, the focus 
would be at a ; but in consequence of 
their previous convergency, they are 
brought together at a less distance 
than the principal focus and meet at o. 
The images of objects reflected by 
a convex mirror we have seen, are 
smaller than the objects themselves. 
But the concave mirror, when the ob- 
ject is nearer to it than 
the principal focus, pre- 
sents the image larger 
than the object, erect, 
and behind the mirror. 

To explain this, let us 
suppose the object a, ^g, 
145, to be placed before 
the mirror, and nearer 
to it than the principal 
focus. Then the rays 
proceeding from tne 
extremities of the ob- 
ject without interruption 
would continiie to di- 
verge in the lines o and 

If the inddent rays are dhrergent, where will be the focus 7 If the inci- 
doit rays are convergent, where wiD be the focus ? When will the image 
ftom a concave mirror be larger than the object, erect, and behind the minoH 
Ezphdki fig. 145, and show why the image is larger than, the ^' ' 




Fig. 145. 
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nf at feen bdiind die mirror; but bfreflection tihefare made 
to dhrerge leM than before, and consequently to make the an- 
1^ onder which they meet more obtuse at the eye b^ than it 
would be if tibey continued onward to e, where they would have 
met without reflection. The result, therefore, is to render 
the image A, upon the eve, as much larger than the object a, 
as the angle at the eye is more obtuse than the angle at e. 

On the contrary, if the object is placed more remote from 
the mirror than the principal focus, and between the focus and 
the centre of the sphere of which the reflector is a part, then 
the image will appear inverted on the contrary side of the cen- 

Fig. 140. tre, and farther 

from the mirror 
than the object; 
thus, if a lamp be 
placed obliquely 
before a concave 
mirror, as in fig. 
146, its ima^e 
will be seen m- 
rerted in the air on tfie contrary side of a perpendicular line 
through the centre of the mirror. 

From the property of the concave mirror to form an invert- 
ed imaffe of the object suspended in the air, many curious and 
surprising deceptions may be produced. Thus, when the mir- 
ror, the object, and the light, are placed so that they cannot 
be seen, (which may be oone by placing a screen before the 
light, and permitting the reflected rays to pass through a smaU 
aperture in another screen,) the person mistakes the image of 
the object for its reality, and not understanding the deception, 
thinks he sees persons walking with their heads downwards 
and cups of water turned bottom upwards without spilling a 
drop. Again, he sees clusters of delicious fruit, and w^en 
invited to help himself, on reaching out his hand for that pur- 
pose, he finds that the object either suddenly vanishes mnn 
tns sight, owin^ to his hi ving moved his eye out of the proper 
ranee, or that it Lb intangible. 

liiis kind of deception mar be illustrated by any one who 
has a concave mirror only of three or four inches in diameter* 
in the following manner : 

Whm win tbs image fWxii the ccmcave imrror be inverted and heSatm flit 
ainorl What uiuperty haa the eoncave mimnr by which "fa yi*^ deoB^ 
tfewmsybspnidnsedt What aie theae deeeptiooi'l 
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Suppose the tumbler <f, to be filled with water, and placed 
beyoud the principal focus of the concave mirror, fig. 147, and 
so managed as to be hid from the eye c, by the screen b. The 
lamp by which the tumbler is illuminated must also be placed 
behind the screen, and near the tumbler. To a person placed 
at c, the tumbler >vith its contents will appear inverted at e, 
and suspended in the air. By carefully mo\dng forward, and 
still keeping the eye in the same line with respect to the mir- 
ror, the person may pass his hand through the shadow of the 

Fig. 147. 




tumbler ; but without such conviction, any one unacquainted 
with such things, could hardly be made to believe that the 
image was not a reality. 

By placing another screen between the mirror and the im- 
age, and permitting the converging rays to pass through an 
aperture in it, the mirror may be nearly covered from the eye, 
and thus the deception would be increased. 

The image reflected from a concave mirror, moves in the 
same direction with the object, when the object is within the 
principal focus ; but when the object is more remote than the 
principal focus, the image moves in a contrary direction 
from the object, because the rays then cross each other. If 
a man place himself directly before a large concave mirror, 
but fartner from it than the centre of concavity, he will see an 
inverted image of himself in the air, between him and the 
mirror, but less than himself. And if he hold out his hand 
towards the mirror, the hand of his image will come out to- 
ward his hand, and he may imagine that he can shake hands 

■ I - - * ■ — ■ — ■ 

Describe the manner in which a tumbler with its contents may be made to 
seem inverted in the air. Why does the image move in a contrary direction 
tan its object, when thie object is beyond the principal focus 1 
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whk hia unue. But if he reach his hand further towuds 
the mirror, me hand of the image will pass by hb band, and 
come between his hand and his body ; and if he move bis hand 
toward either side, the hand of the image will move in a con- 
trary direction, so that if the object moves one way the image 
will more the other. 

The concave mirror, having the property of converging the 
nya of light, is equally efficient in concentrating the rays of 
heat, either separately, or with the light. When, therefore, 
a\ich a mirror is presented to the rays of the sun, it brings 
them to a focus, so as to produce degrees of heat in propor- 
tion to the jeitent and perfection of its reflecting surface. A 
raelallic mirror of this kind, of only four or six inches in dia- 
meter, wilt fuse metals, set wood on tire, &,c. 

As the parallel rays of heat or light are brought to a focus 
at the distance of one quarter of the diameter of the sphere, o( 
which the reflector is a section, so if a luminous o>' heated 
bodv be placed at this point, the rays from such body passing 
to the mirror will be reflected from all parts of its surface, in 
parallel linos; and the rays so reflected, by the same law, will be 
brought to a focua by another mirror standing opposite to this 



Suppose a red hot ball to be placed in the principal focu.-i 
of tiie mirror a, fiff. 148, the rays of heat and light proceed 
ing from it will be reflected in the parallel lines I, 2, 3, 
dec. The reason of this is the same as that which causes 
paral lel rays, when falling on the mirroY. to be converged to > 

Win the toncMYB minor concentrate the raya of heat, tu well ts tluae of 
liditl SappoaeslaQiinouabody beplacedin tbefbcnBofacoDoiiciiilnor, 
in what diiectiiHi will its ran be reflected 1 
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focus. The angles of incidence being equal to those of reflec- 
tion, it makes no difference in this respect, whether the rajft 
pass to or from the focus. In one case, parallel mcident rays 
urom the sun, are concentrated by reflection ; and in the other, 
incident diverging rays, from the heated ball, are made paral 
lei by reflection. 

The rays therefore, flowing from the hot ball to the mirror 
0, are thrown into parallel lines by reflection, and these reflect- 
ed rays, in respect to the mirror 5, become the rays of inci- 
dence, which are again brought to a focus by reflection. 

Thus the heat of the ball, by being placed in the focus of 
one mirror, b brought to a focus by the reflection of the other 
mirror. 

Several striking experiments may be made with a pigir of 
concave mirrors placed facing each other as in the figure. If 
a red hot ball be placed in the focus of a, and some gun pow- 
der in the focus of 6, the mirrors being ten or twenty feet apart, 
according to their dimensions, the powder will flash by the 
heat of the ball, concentrated by the second mirror. To show 
that it is not the direct heat of the ball which sets Are to the 
powder, a paper screen may be placed between the mirrors 
until every thing is ready. The operator will then only have 
Ui remove the screen, in order to flash the powder. 

To show that heat and light are separate principles, place 
a piece of phosphorus in the focus of 5, and when the ball is 
so cool as not to be luminous, remove the screen, and the 
phosphorus will instantly inflame. 

Refraction by Lenses, 

A Lens is a transparent body, generally made of glass, and 
«n shaped that the rays of light in passing through it are ei- 
ther collected together or dispersed. Lens is a Latin word, 
which comes from lentile, a small flat bean. 

It has already been shown, that when the rays of light pass 
from a rarer to a denser medium, they are refracted, or bent 
out of their former course, except when they happen to &11 
perpendicularly on the surface of the medium. 

The point where no refraction is produced on perpendicu- 
lar rays, is called the axis of the lens which is a right line 

CbEpliin fig. 148, and show why the rays from the focus of a are con- 
centR^ted in uie focus b. What curious experiments maybe made by two 
concave mirrors placed opposite to each other 1 How may it be shown that 
heat and light are distinct princfpiesi What is a lens? 
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jmaang through ila ceotre, and perpendicnlu to both its but 
faces. 

Id every beam of ligbt,-the middle ray is called its axis. 

Rays oi* light are said to IhII directly upon a leiis, when 
their axes coincide with the axes of the Jens ; otherwise they 
are said to foil obliquely. 

The point at which the rays of the sun are collected, by 
pasaing through a lens,ia csA\ea\i>.e ■principal focus of that lens. 

Lenses are of various kinds, and nave received certain names, 
depending on their shapes. The different kinda are shown 
at % 149. 

Fig. 149. 



A prism, seen at a, has two plane surfaces, a r, and a s, in 
rlined to each other. 

A phine glass, shown at h, has two plane surfiices, parallel 
to each other. 

A spherical lens, c, ia a ball of glass, and has every part of 
'ts surface at an equal distance from the centre. 

A double concave len^, d, is bounded by two convex sur&ces 
opposite to each other. 

A ploTw-coTicave lens, e, ia bounded by a convex surface on 
one side, and « plane on the other. 

A double-concave lens,f, is bounded by two concave spheri- 
cal surfaces, opposite to each other. 

A plano-concave lens, g, ia bounded by a plane sur&ce on 
one side^nd a concave one on the other. 

A meniscus, k, ia bounded by one concave and one convex 
spherical surface, which two surfaces meet at the edge of the 

A concavo-convex lens i,is bounded by a concave and con- 
vex surface, but which diverge from each other, if continued. 

What a Ihc axis of a lens l In what part of a lens is no rcfraclion pro- 
ducedl Where is Ihe taia of a beam of light? When arorajs of light Bald 
ta fall diicdlj upon a lena t How many kinds of lenses am mcntioaeij 1 
Whnt is the name of cwJi ? How are each of these lenses boimiled } 
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The efl^cts of the prism on the rays of light will be shown 
in another place. The refraction of the plane glass, bends t&e 
parallel rays of light equally towards the perpendicular, as 
already shown. The sphere is not oflen employed as a lens, 
since it is inconvenient in use. . ^ 

Ckmvex lens. It has been shown in a former part of this 
article, that when a ray of light passes obliquely out of a 
rarer into a denser medium, it is refracted, or turned out of 
its former course. 

Suppose, then, there is presented to the rays of light, a piece 
of glass, with its surface so shaped, that all the rays, except 
those which pass thfough its axis, are refracted towards the 
perpendicular, it is obrious that they would all finally meet 
the perpendicular ray, and there form a focus. 

The focal distances of convex lenses, depend on their de- 
grees of convexity. The focal distance of a single, or plano- 
convex lens, is the diameter of a sphere, of which it is a sec- 
tion. 

Fig. 150. If the whole circle, ^g. 

150, be considered the 
circumference of a sphere 
of which the plano-convex 
lens, b a, is a section, 
then the focus of parallel 
rays, or the principal fo- 
cus, will be at the oppo- 
site side of the sphere, or 
at c. 

The focal distance of a 
double convex lens, is the 
radius, or half the diameter of the sphere of which it is a part 
Hence the plano-convex lens, being one half , the double con- 
vex lens, the latter has about twice the refractive power of 
the former ; for the rays suffer the same degree of refraction 
in passing out of the one covex surface, that they do in pass- 
ing into mc other. 




On what do the focal distances of convex lenses dq)en(] 1 What is the fo- 
cal distance of any plano-convex lens 1 What u the focal distance of the 
double convex leosl What is the shape of tDe double convex lens f 

15 
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Fig. 15L 




The shape of .Ihe dou- 
ble convex lens, d c, fig 
151, is that of two piano 
convex lenses, placed with 
their plane snr&ces in 
contact, and consequently 
the focal distance of this 
lens is nearly the centre of 
th^ sphere of which one of 
its surfaces is a part. If 
parallel rays fall on a con- 
vex l^s, it is evident that 
the ray only, which penetrates the axis and passes towards the 
centre of the sphere, will proceed without refraction, as shown 
in the above figures. Alt the others will be refracted so as to 
meet the perpendicular ray at a greater or less distance, de 
pending on the convexity of the lens. 

If diverging rays fall on the surface of the same lens, they 
will by refraction, be rendered less divergent, parallel, or con 
vergent, according to the decrees of their divergency, and the 
convexity of the surface of me lens. 

Fig. 162. Thus, the diverging 

rays 1, % 6lc. fig. 
162, are refracted by 
the lens a o, in a de- 
gree just sufficient to 
render them parallel, 
and therefore would 
pass off in right 
lines, indefinitely, or 
without ever forming 
a focus. It is obvious 
by the same law, that were the rays less divergent, or were 
tne surface of the lens more convex, the rays in fig. 162 would 
become convergent, instead of parallel, because the same re- 
fractive power which would- render divergent rays parallel 
would make parallel rays convergent, and converging rays 
■till more convergent. 




How ars divergent rays afibctecl by pasniig through a convex lens 1 What 
M ili efSrat on parallel rayi 7 What is its effect on converging rayet 
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Rg. 163. ^ Thus, the pencils of converging rays, 
^ fig. 153, are rendered still more conyer-" 
gent by their passage through the lens, 
and are therefore brought to a focus near- 
er the lens, in proportion to their previous 
convergency. 

The eye glasses of spectacles for old 
people are double convex lenses, more or 
less sphferical, according to the age of the 
person, or the magnifying power required. 
The common burning glasses, which are used for lighting 
cigars, and sometinves K)r kindling fires, are also convex len-* 
ses. Their effect is to concentrate to a focus, or point, the 
heat of the sun which falls on their whole surface ; and hence 
the intensity of their effects is in proportion to the extent of 
their surfaces, and their focal lengths. 

One of the largest burning glasses ever constructed, was 
made by Mr. Parker, of London. It was three feet in diameter, 
mth a focal distance of three feet nine inches. But in order 
to increase its power still more, he employed another lens 
about a foot in diameter, to bring its rays to a smaller focal 
point. This apparatus gave a most intense degree of heat, 
when the sun was clear, so that 20 grains of ffold were melted 
by it in 4 seconds, and ten grains of platina^ the most infusible 
of all metals, in 3 seconds. 

It has been explained, that the reason why the convex mir- 
ror diminishes the images of objects is, that the rays which 
come to the eye from the extreme parts of the object are ren- 
dered less conve];gent by reflection, from the convex surface, 
and that, in consequence, the angle of vision is .made more 
acute. 

Now, the refractive powefr of the convex lens has exactly 
the contrary effect, since by converging the rays flowing from 
the extremities of an object, the visual angle is renderea more 
obtuse, and therefore all objects seen through it appear mag- 
nified. 



What kind of lenses are spectacle glasses for old people 1 What u said to 
*e the diameter of Mr. Parker's great convex lens 1 What is the focal d»- 
»ince of this lens 1 Whai is said of its heating power 1 What is the visual 
ingle? 
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^' ^^ Suppose the object a, figr. 

154, appears to the naked eye 
of the length represented in 
the drawing. Now, as the rays 
coming from each end of the 
object, form, by their conver- 
gence at the eye, the visual angle, or the angle under which 
the object is seen, and we call objects large or small, in pro- 
portion as this angle is obtuse or acute,'if therefore the object 
a be withdrawn further from the eye, it is apparent that the 
rays o, 0, proceeding from its extremities, will enter the eye 
under a more acute angle, and therefore, that the object ^vill 
appear dimihished in proportion. This is the reason why 
things at a distance appear smaller than when near us. When 
near, the visual angle is increased, and when at a distance, it 
IB diminished. 

Kg. 155. The effect of the convex lens is to in- 

crease the visual angle, by bending the 
rays of light coming from the object, so as 
to make tnem meet at the eye more ob 
tusely ; and hence it has the same effect, 
in respect to the visual angle, as bringing 
the object nearer the eye. This is shown 
by fig. 155, where it is obvious, that did 
the rays flowing from the extremities of 
- . _ , the arrow meet the eye without refraction, 
the nsual angle would be less, and therefore the object would 
aopear shorter. Another effect of the convex lens, is to ena- 
ble us to see objects nearer the eye, than without it, as will be 
explamed under the article vision. 

Now, as the rays of light flow from all parts of a visible ob- 
^ect of whatever shape, so the breadth, as well as the lencrth, is 
mcreased by the convex lens, and thus the whole obiect ap- 
pears magnified. "^ * 

CoTicave lens. The effect of the concave lens is directly 
opposite to that of the convex. In other terms, by a concave 
lens, parallel rays are rendered diverging, converging rays 
have their convergency diminished, an d diverging rays have 

neJ^'^m J^k tK^rof Tt"!: "' ^ ^^f """^^ "PP^^ smaller than when 
near i vv nat is me enect of the convex lens on the visual anffle 1 Whv 

does an object appear larger through the convex lens thanX?X 1 ^iJ 

fa the effect of the concave lens? What effert H««l /i; i ^^ "" 

parallel, diverging, and converging ray, ? ^ ^"^ ^^ ^"^ ^^« «!»» 
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Fig. 15a 




their divergency increased, according to the concavity of the 
lens. 

These glasses, therefore, exhibit things smaller than they 
really are, for by diminishing the convergence of the rays 
coming from the extreme points of an object, the Visual angle 
is rendered more acute, and hence the object appears diminish- 
ed by this lens, for the opposite reason tnat it is increased by 
the convex lens. This will be made plain by the two. follow- 
ing diagrams. 

Suppose the object a b, fig. 156, 
to be placed at such a distance 
from the eye, as to give the rays 
flowing from it, the degrees of 
convergence represented in the 
figure, and suppose that the rays 
enter the eye under such an an- 
gle as to make the object appear 
two feet in length. 

Now, the length of the same ob* 
iect, seen through the concave 
lens, fig. 157, wifl appear dimin* 
ished, because the rays coming 
from it are bent outwards, or made 
Jess convergent by refraction, as 
seen in the figure, and conse- 
quently the visual angle is more 
acute than when the same ob- 
ject is seen by the naked eye. Its length, therefore, will ap- 
pear less, in proportion as the rays are rendered less conver- 
gent. 

The spectacle glasses of short-sighted people are concave 
lenses, by which the images of objects are formed further 
back in the eye than otherwise, as will be explained under the 
next article. 

Vision. 

In the application of the principles of optics to the explan- 
ation of natural phenomena, it is necessary to give a descrip- 
tion of the most perfect of all optical instruments, the eye. 



Fig. 157. 




Why do objects appear smaller through this ghiss than they db to the nar 
ked eye 1 Explain figures 156, and 157^ and sm)w the reason why the sama 
object appears smaUer through 157. What defect in the eye requires con- 
cave lenses'? What is the most perfect of all optical instruments') 

16* 
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Tig. 158. fHg. 1S6 is a V^fticai 

section of the human eye. 
Its form is nearly globu- 
lar, with a slight projec- 
tion or elongation in 
front. It consists of four 
coats, or membranes ; 
namely, the sclerotic^ the 
3 corneoy the choroid, and 
the retina* It has two 
fluids confined within 
these membrane^, called 
the aqueous., and the vitreous humours, and one lens, called 
the crystalline. The sclerotic coat is the outer and strongest 
membrane, and its anterior part is well known as the white of 
the eye. This coat is marked in the figure a, a, a^ a. It is 
joined to the cornea, b, 6, which is the transparent mem- 
brane in front of the eye, through which we see. The 
choroid coat is a thin, delicate membrane, which lines the 
sclerotic coat on the inside. On the inside of this lies the 
retina, d,did,d, which is the innermost coat of all, and is an 
expansion, or continuation of the optic nerve o. This expaur 
sion of the optic nerve is the immediate seat of vision. The 
iris, 0, 0, is seen through the cornea, and is a thin membrane, 
or curtain, of different colours in diflerent persons, and therefore 

gives colour to the eyes. In black eyed persons^it is black, in 
lue eyed persons it is blue, &c. Through the iris, is a cir- 
cular opening, called the pupil, which expands or enlarges 
when tne light is Mnt, and contracts when it is too strong. 
The space between the iris and the cornea is called the ante- 
rior ckamber of the eye, and is filled with the aqueous humor, 
so called from its resemblance to water. Betiind the pupil 
and iris is situated the crystalline lens e which is a firm and 
perfectly tnansparent body, through which the rays of light 
pass from the pupil to the retina. Behind the lens is situated 
the posterior chamber of the eye, which is filled with the mtre- 
ous%umor, v, v. This humor occupies much the largest por- 

What is the fi>rm of the human ey^e 1 How many coats, or membranes, 
liM the eye ? What are they called ? How many fluids has the eye, and 
wfatt are Chej called 1 What is the leos of the eye ca&ed? What coat 
ftffiiMi the white of the eye 1 Describe where ibe several coats and human 
areatuited. What is the Iris 1 What is the letiBal Where is the wnsd 
of nucml 
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lioR of the whole eye, and on it depends ihe shmpe and per- 
manency of the organ. 

From the above description of the eye.'it will be easy to 
trace the progrees of the rays of li^ht through its several parts, 
and to explain in what manner vision is performed. 

In doing this, we must keep in mind that the rays of l)g;ht 
proceed from every part and point of a visible object, as here- 
tofore stated, and that it is necessarv only for a few of the 
rays, when compared with the whole number, to enter tli« 
eye, in order to make the object visible. 

I^- IM. Thus, the object a b, fig. 

169, bein? placed in the light, 
sends fortii pencils of rays in 
all possible directions, some 
of which will strike the eye in 
_^ any position where it is risible. 
? These pencils of rays not only 
flow from the points designa- 
ted in the figure, but in the 
same manner from every other 
point on the surface of a viai- 
^ ble objecL To render an ob- 
ject visible, therefore, it is only 
necessary that the eye should 
collect and concentrate a suf- 
ficient number of these ravs 
on the retina to form its 
ima|;e there, and from this 
is excited. 




From the luminous body I, fig. 160, the pencils of rays flow 
in all directions, but it is only by those which enter the pupil, 
that we gain any know ledge of its eristence; and even these 

What ia the de^ of Sg. 159 1 Wliat is BBid concerning ihe bubII noni- 
berafthenTanhichenler tha eje ftom a viable object 1 EiplBin tlw do- 
MgnofSg. 



Yw" 



176 VISION. 

would convey to the mind no distinct idea of the object, un- 
less they were refracted by the humoors of the eye, for did 
these rays proceed in their natural state of divergence to the 
retina, the image there formed would be too extensive, and 
consequently too feeble to give a distinct sensation of the 
object 

It is, therefore, by the refracting power of the aqueous 
humor, and of the crystalline lens, that the pencils of rays are 
so concentrated as to form a perfect picture of the object on 
the retina. 

We have already seen, that when the rays of light are made 
to cross each other by reflection from the concave mirror, the 
image of the object is inverted ; the same happens when the 
rays are made to cross each other by refraction through a 
convex lens. This, indeed, must be a necessary consequence 
of the intersection of the rays: for as light proceeds in 
straight lines, those rays which come from the lower part of 
an object, on crossing those which come from its upper part, 
will represent this part of the picture on the upper half of the 
retina, and for the same reason the upper part of the object 
will be painted on the lower part of the retina. 

Now, all objects are represented on the retina in an inverted 
position ; that is, what we call the upper end of a vertical 
object, is the lower end of its picture on the retina, and so the 
contrary. 

This is readily proved by taking the eye of an ox, and cut- 
ting away the sclerotic coatj so as to make it transparent on 
the back part, next the vitreous humor. If now a piece of 
white paper be placed on this part of the eye, the images of 
objects will appear figured on the paper in an inverted position. 
The same effect will be produced on looking at things through 
an eye thus prepared ; tney will appear inverted. 



Wh^ would not the rays of light give a distinct idea of the object without i 
refraction hj the humors of the eyel Explain how it is that the images of 
oljects are mverted on the retina. What experiment proves that the images 
of objects are inverted on the retina ? 
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Fig. 161. The actual 

position of the 
vertical object 
a, fig. 161, as 
painted on the 
^ retina, is there- 
fore such as is 
represented by 
the figure. The 
rays from its 

upper extremity, coming in divergent lines, are Converged 
by the crystalline lens, and fall on the retina at o; while 
those from its lower extremity, by the same law, fall on the 
retina at c. 

In order that vision may be perfect, it is necessary that the 
images of objects should be formed precisely on the retina, and 
consequently, if the refractive power of the eye be too small, 
or too- great, the image will not fall exactly on the seat of vis- 
ion, but w^ill be formed either before, or tend to form behind 
it. In both cases, perhaps, an outline of the object may be 
visible, but it will be confused and indistinct. 

If the cornea is too convex, or prominent, the image will be 
formed before it reaches the retina, for the same reason, that 
of two lenses, that which is most convex will have the least 
focal distance. Such is the defect in the eyes of persons who 
are short sighted, and hence the necessity of their bringing ob- 
jects as near the eye as possible," so as to make the rays converge 
at the greatest distance behind the crystalline lens. 

The effect of uncommon convexity in the cornea on the 
rays of light, is shown at fig. 162, where it will be observed 

Fig. 162. 




that the image, instead of beirt g formed on the retina r, 18 

Explain fig. 161. Suppose the refractive power of the eye b too great or 
loc littlo, why will vitaaa. he imperfect 1 If the cornea is too convex, whcT9 
will the image he formed 1 
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suspended in the vitreous humour, in consequence of there 
being too great a refractive power in the eye. It is hardly- 
necessary to say, that in this case, vision must be very imper« 
fectly performed. 

Tnis defect of sight is remedied by spectacles, the glasses 
of which are concave lenses. Such glasses, by rendering the 
rays of light less convergent, before they reach the eye, coun- 
teract the too great convergent power of the cornea and lens, 
and thus throw the image on the retina. 

If, on the contrary, the huniours of the eye, in consequence 
of age or any other cause, have become less in quantity than 
ordinary, the eye ball will not be sufficiently distended, and 
the cornea will become too flat, or not sufficiently convex, to 
make the rays of light meet at the proper place, and the im- 
age will therefore tend to be formed beyond the retina, instead 
of before it, as in the other case. Hence aged people, who 
labor under this defect of vision, cannot see distinctly at ordi* 
nary distances, but are obliged to ' remove the object as far 
from the eye as possible, so as to make its refractive power 
bring the image within the seat of vision. 

The defect arising from this cause is represented by figure 
163, where it will be observed that the image is formed behind 

Fig. 163. 




the retina, showing that the convexity of the cornea is not 
sufficient to bring the image within the seat of distinct vision. 
This imperfection of sight is common to aged persons, and is 
corrected in a greater or less degree by double convex lenses, 
such as the common spectacle glasses. Such glasses, by caus- 
ing the rays of light to converge, before they meet the eye, as- 

■■ ■ . ■ — — _ — ■ - 

How is the sight improved when the cornea is too convex ? How do such 
ienses act to improve the sight 7 Where do the rays tend to meet when the 
eomea is not suffidenthr convex ? How is vision assisted when the ey« 
wants convexity ? How do convex lenses help the siglit of aged peopk 1 
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siflt the refractive power of the crystalline lens, and thus bring 
the fociis, or image, within the sphere of vision. 

It has been considered difficult to account for the reason 
why we see objects erect, when they are painted on the retina 
inverted, and many learned theories hsve been written to ex- 
plain this fact. But it is most probable that this is owing to 
nabit, and diat the image, at the bottom of the eye, has no re- 
lation to the terms above and below, but to the position of our 
bodies, and other things which surround us. The term per^ 
pendicular^ and the idea which it conveys to the mind, is 
merely relative ; but when applied to an • object supported by 
the earth, and extending towards the skies, we call the body 
erect because it coincides with the position of our own bodies, 
and we see it erect for the same reason. Had we been taught 
to read by turning our books upside down, what we now call 
the upper part of the book would have been its under part, 
and that reading would have been as easy in that position as 
in any other, is plain from the fact that printers read their 
type, when set up, as readily as they do its impressions on 
paper. 

Angle of Vision. The angle under which the rays of light, 
coming from the extremities of an object, cross each other at 
the eye, bears a proportion directly to the length, and inverse- 
ly to the distance of the object. 

Suppose the object a, 6, fig. 164, to be four feet long, and 
to be placed ten feet from the eye, then the rays flowing from 

Fig. 161 




its extremities, would intersect each other at the eye, under a 
given angle, which will always be the same when the object 

Why do we we thingB erect, when the images are inverted on the Tetina 1 
What IS the viiiMlw^ 1 
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\b at the same distance. If the object be ^duall^ moved to- 
wards the eye, to the place c d, then the angle will be gradu- 
ally increased in quantity, and the object will appear larger, 
since its image on the retina, will be increased in length in the 
proportion as the lines i i are wider apart than o o. On the 
contrary, were a b removed to a greater distance from the 
first position, it is obvious that the angle would be diminished 
in proportion. 

The lines thus proceeding from the extremities of an object, 
and representing the rays of light, form an angle at the eye, 
which is called tne visual angle, or the angle under which 
things are seen. The lines a nb therefore form one visual 
angle, and the lines end another visual angle. 

\Ve see from this investigation, that the apparent magnitude 
of objects depending on the angles of vfeion, will vary accord- 
ing to their clistances from the eye, and that these magnitudes 
diminish in a proportion inversely as their distances increase. 
We learn also, from the same principles, that objects of dif- 
ferent magnitudes may be so placed, with respect to the eye, 
as to give the same visual angle, and thus to make their appa- 
rent magnitudes equal. Thus the three arrows a, e, and m 
though differing so much in length, are all seen under die same 
visusd angle. 

In the apparent magnitude of objects seen through a lens 
or when their images reach the eye by reflection from a mir- 
ror, our senses are chiefly, if not entirely guided by the angle 
of vision. In forming our judgment of the sizes of distant 
objects, whose magnitudes were before unknown, we are also 
guided more or less by the visual angle, though in this case 
we do not depend entirely on the sense of vision. Thus if we 
see two balloons floating in the air, one of which is larger than 
the other, we judge of their comparative magnitudes by the 
diflerence in their visual angles, and of their real magnitudes 
by the same angles, and the distance we suppose them to be 
from us. 

But when the object is near us, and seen with the naked 
eye, we then judge of its magnitude hy our experience, and no" 



How may the visual angle of the same object be increased or diminished 1 
When do oujects of diflerent magnitudes form the same visual angle 1 Ex- 
plain fig. 164. Under what circumstances is our sense of vision guided en- 
tirely by the visual angle ? How do we judge of the magnitudes of distant 
objects 1 How do «- ""*'"' '^^ ♦he comparative me of o^ects near us 1 
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euuiely by the visual angle. Thus, the three arrows, a, e, m, 
fig. 164, all of them make the same angle on the eye, and yet 
we know by further examination, tliat tney are all of different 
lengths. And so the two arrows a b, and c (f, though seen un- 
der different visual angles, will appear of the same size, because 
experience has taught us that this difference depends only on 
the comparative distance of the two objects. 

As the visual angle diminishes inversely in proportion as 
the distance of the object increases, so wnen the distance is 
so great as to make the angle toQ minute to be perceptible to 
the eye, then the object becomes invisible. Thus, when we 
watch an eagle, flying from us, the angle of vision is gradually 
diminished, until the rays proceeding from the bird form an 
image on the retina too small to excite sensation, and then we 
«ay, the eagle has flown out of sight 

The same principle holds with respect to objects which are 
near the eye, but are too small to form an image on the retina, 
which is perceptible to the senses. Such objects to the naked 
eye, are of course invisible, but when the visual angle is en- 
larged, by means of a convex lens, they become visible ; that 
is, their images on the retina excite sensation. 

The actual size of an image on the retina, capable of exci - 
ting sensation, and consequently of producing vision, may Ije 
too small for us to appreciate by any of our other senses ; for 
when we consider how much smaller the image must be tlian 
the object, and that a human hair can be distinguished by the 
naked eye at the distance of twenty or thirty feet, we must 
suppose that the retina is endowed whh the most delicate sen- 
sibility, to be excited by a cause so minute. It has been es- 
timated that the image of a man, on the retina, seen at the dis- 
tance of a mile, is not more than the five thousandth part of 
an inch in length. 

On the contrary, if the object be brought too near the eye, 
its image becomes confused and indistinct, because the rays 
flowing from it, fall on the crystalline lens in a state too diver- 
gent to be refracted to a focus on the retina. 



When docs a retreating object become invisible to the eye 1 How does a 
contnex lens act to make us see objects which are invisible without it 1 What 
is said of the actual size of an imaee on tiie retina 7 Why are objects indis- 
tinct, when brought too near the ejel 
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Flff. 165. ThiH wai be apparent by 

fig. 165, where we suppose 
that the object a, is brought 
within an inch or two of Die 
I eye, and that the rays pro- 
' ceeding from it enter thepu* 

' pil so obliquely as not to be 
refracted by the lens, so as 
to form a distinct image. 
Could we see objects dis- 
'inctly at the shortest distance,, we should be able to examine 
..an^ that are now invisible, since the visual angle would thqo 
be increased, and consequently the image on the retina en- 
larged, in proportion as objects were brought near the eye. 
This is proved by intercepting the most divergent rays ; in 
which case an object may be broucht near the eye, and will 
then appear CTeatly magnified. Make a small orifice, as a pin- 
nole, throng a piece of dark colored paper, and then look 
through the orifice at small objects, such 'as the letters of a 
printed book. TTie letters will appear much magnified. The 
rays, in this case, are refracted to a focus, on the retina, be- 
cause the small orifice prevents those which are most divergent 
from entering the eye, so that notwithstanding the nearness 
of tlie object, the rays which form the image are nearly 
parallel. 

Optical Instruments. 

-Single Microscope. The principle of the single micro* 
scope, or convex lens, will be readily understood, if the pupil 
will remem!)er what has been said on the refraction of lenses, 
in connexion with the facts just stated. For, the reason why 
objects appear magnified through a convex lens, is not only 
because the visual ancle is increased, but because when 

rendered parallel t^ the lens, and a 

dition to be brought to a focus in the proper place by the hu- 



Suppose objeeU couU b( . __., 

•■•m wmW Ihsir dimenslong be uliected t bow is U proved that objeclB jjarad 
<u Ihe e^ uc magnified 1 How does a amall orifics eiubte us to see 
I object ilistinctl; neiu'llie eye! Why does.a convex lem make an obiH* 
ittnct when near the eye 7 
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Let a, fig. 166, 
be the distance at 
which an object 
can be seen dis" 
tinctly, and 5, the 
distance at which 
the same object is 
seen through the 
lens, and suppose 
the distance of a, from the ey6, be twice that of 5. Then, be- 
cause the object is at half the distance that it was before, it 
will appear twice as large ; and had it been seen one third, 
one fourth, or one tenth its former distance, it would have 
been magnified tliree, four, or ten times, and consequently its 
surface would be increased 9, 10, or 100 times. 

The most powerful single microscopes are made of minute 
globules of glass, which are formed by melting the ends of a 
lew threads of spun glass in a candle. Small globules of 
water placed in an orifice through a piece of tin, or olber thin 
substance, will also make very powerful microscopes. In 
these minute lenses, the focal distance is only a tenth or 
twelfth part of an inch from the lens, and therefore the eye, 
as well as the object to be magnified, must be brought Tery 
near the instrument 

The Compound Microscope consists of two convex lenses, 
by one of which the image is formed within the tube of the 
instrument, and by the other this image is magnified, as seen 
by the eye ; so that by this instrument the object itself is not 
seen, as with the single microscope, but we see only its mag- 
nified image. 

The small lens placed near tlie object, and by which its 
ima^e is formed within the tube, is called the object glass, 
while the larger one, through which the image is seen, is 
called the eye glass. 

This arrangement is represented at fig. 167. The object a 
is placed a little beyond the focus of the object glass &, by 
which an inverted and enlarged image of it is formed within 
the instrument at c. This image is seen through the eye 

Explain fig. 166. How are the most powerful sin^e microscopes made 1 
How many tenses fi>rm the compound microsoope 1 Which is the object and 
which the eye glass 1 Is the object seen with this instrument, or only its 
image? 




glass d, by which it is again rnagntfieiJ, and it is at last figured 
on the retina in its original position. 

These glasses are set in a case of brass, ihe object glass be- 
ing made to take out, so that others of different magnifying' 
powers nay be used, as occasion requires. 
- The Solar Microscope consists of two lenses, one of which is 
called the condenser, because it is employed to concentrate the 
raya of the sun, in order to illuminate more strongly the object 
to be magnified. The other is a double convex lens, of con- 
siderable magnifying power, by which the image is formed, 
In addition to these Tenses, there is a plain mirror, or piece of 
common looking-glass, which can be moicd in any direction, 
and which reflects the rays of the sun on the condenser. 

- - -'Til ■■ 




The object a, fig, 168, being placed nearly in the focus of 
the condenser b, is strongly illuminated, in consequence of the 
rays of the sun being ihroivn on h, by the mirror c. The ob- 
ject is not placed exactly in the foe, of the condenser, be- 
cause, in most cases, it would be sooti Jeslroyed by its heat, 

Eipfaon fig. 167, and show where the ic;aee ia fornieJ in this tube. How 
majBj lenses has tho Bolar mlcroecope 1 Why b one - " ■ 
■du nucraecope call^ the condenser 1 Descrilie the ut 



■^n 



I^StBSCOPB. 18S 

ftnci because the focal point would iHutuinate only a small 
extent of surface, but may be exactly in the focus of the small 
lens (2, by which no such accident can happen. The lines o o, 
represent the incident rays of the sun, wmqh are reflected on 
the condenser. 

When the sqlar microscope is used, the room is darkened, the 
only light admitted being that which is thrown on the object 
by the condenser,* which light passing through the small lens, 
gives the magnified shadow e, of the small object a, on the 
wall of the room, or on a screen. The tube containing the 
two lenses is passed through the window of the room, the re- 
flector remaining outside. 

In the ordinary use of this instrument, the object itself is 
not seen, but only its shadow on the screen, and it is not de- 
signed for the examination of opaque objects. 

\Vhen the small lens of the solar nucroscope is of great 
magnifying power, it presents some of the most striking and 
eunous of optical phenomena. The shadows of mites from 
cheese, or figs, appear nearly two feet in length, presenting an 
appearance exceedingly formidable and disgustmg ; and the 
msects from common vinegar appear eight or ten feet long, 
Jind in perpetual motion, resembling so many huge serpents. 

Telescope. The telescope is ah optical instrument, employ- 
ed to view distant bodies, and, in enect, to bring them nearer 
ihe eye, by increasing the apparent angles under which such 
objects are seen. 

These instruments are of two kinds, namely, refractine, 
and reflecting telescopes. In the first kind, the image of tne 
object is seen with the eye directed towards it ; in the second 
kind, the imaffe is seen by reflection from a mirror, while the 
back is towards the object, or by a double reflection, with the 
face towards the object. 

The telescope is the most important of all optical instru- 
ments, since it unfolds the wonders of other worlds, and gives 
as the means of calculating the distances of the heavenly bo- 
dies, and of explaining their phenomena for astronomical and 
nautical purposes. 

The pi^inciple of the telescope will be readily comprehend- 
ed afler what has been said concerning the compound micro- 
acope, for the two instruments diflfer chiefly in respect to the 

btbe object, or only the shadow, seenbythb faistnimenll What is a 
t d ca copc 1 How many kinds of tdeacopea are mentionedl What k the di^ 
feranee between them 1 Tn what respect does the mfiraietmg teieecope diflbr 
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place of the object lens, that of the microscope having a short, 
while that of the telescope has a long, focal distance. 

Refracting Telescope. The most simple refracting teles- 
scope consists of a tube, containing two convex lenses, the one 
having a long, and the other a short, focal distance. (The 
focal distance of a double convex lens, it will be remembered, 
is nearly the centre of a sphere, of which it is a part.) These 
two lenses are placed in the tube, at a distance from each 
other equal to the sum of their two focal distances. 

Fig. 169. 




^ 



Thus, if the focus of the object glass a, fig. 169, be eight 
inches, and that of the eye glass h two inches, then the dis- 
tance of the sums of the foci will be ten inches, and, there- 
fore, the two lenses must be placed ten inches apart; and the 
same rule is observed, whatever may be the focal lengths of 
any two lenses. 

Now, to understand the effect of this arrangement^ suppose 
the rays of light, c d, coming from a distant object, a*i a star, 
to fall on the object glass a, in parallel lines, and to be refract- 
ed by the lens to a focus at e, where thq image of the ^^tar will 
be represented. This image is then magnified by the eye 
glass 0, and thus, in effect, is brought near the eye. 

All that is effected by the telescope, therefore, is to f(cw«n an 
image of a distant object, by means of the object ien« and 
then to assist the eye in viewing this image as nearly a« pos- 
sible by the eye lens. 

It is, however, necessary here to state, that ' by the test 
figure, the principle only of the telescope is intendea to be ex- 
plained, for in the common instrument, with only two glasses, 
the image appears to the eye inverted. 

The reason of this will be seen by the next figure, where the 
direction of the rays of light will show the position of the image. 

How 18 the most simple refracting telescope formed 1 Which is the object, 
and which the eye lens, in %. 169 1 What is the rule by which the distance 
of the two glasses apart is found 1 How do the two glasses act, to bring an 
object near the eye ? 
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Suppose a, fig. 170, to be a distant object, from which pencils 
of rays flow from every point toward the object lens L The 
image of a, in consequence of the refraction of the rays by 
the object lens, is inverted at c, which is the focus of the eye 
glass a, and through which the image is. then seen, still in- 
verted. 

The inversion of the object is of little consequence when 
the instrument is employed for astronomical purposes, for 
since the forms of the heavenly bodies are spherical, their po- 
sitions, in this respect, do UQt affect their general appearance. 
But for terrestrial purposes, this is manifestly a great defect, * 
and therefore those constructed for such purposes, as ship, or 
spy glasses, have two additional lenses, by means of which, the 
images are made to appear in the same position as the objects. 
These are called double telescopes. 

Fig. 171. 




Such a telescope s represented at fig. 171, and consists of 
an object glass a, and three eye glasses, b, c, and d. The eye 
glasses are placed at equal distances from each other, so 
that the focus oif one may meet that of the other, and thus the 
image formed by the object lens, will be transmitted throuffh 
the other three lenses, to the eye. The rays coming from the 
object 0, cross each other at the focus of the object lens, and 
thus form an inverted image at/. This image being also in the 

Explain fig. 170, and show how the object oomcti to be inverted by the 
two lenses. How is the invcTsion of the object corrected 1 Explain fig. 171, 
and show why the two additional lenses make the image of the object — — * 



186 TELESCOPC!. 

focus of the first eye fflass, b, the rays having passed through 
this glass become parallel, for, we have seen, m another place, 
that diverging rays are rendered parallel by refraction through 
a convex lens. The rays, theretore, pass parallel \o the next 
.lens, c, by which they are made to converge, and cross each 
other, and thus the image is inverted, and made to assume the 
original position of the object o. Lastly, this image, being in 
the focus of the eye glass d, is seen in the natural position, 
or in that of the object. 

The apparent magnitude of the object is not changed by 
these two additional glasses, but depends, as in ^g, 170, on the 
magnifying power of the eye and object lenses ; the two glasses 
being added merely for the purpose of making the image ap- 
pear erect 

It is found that an eye glass of very high magnifying pow- 
er cannot be employed in the refracting telescope, because it 
disperses the rays of light, so that the image becomes indis- 
tinct Many experiments were formerly made with a view to 
obviate this difficulty, and among these it was found that in- 
creasing the focal distance of the object lens, was the most 
efficacious. But this was Attended with great inconvenience, 
and expense, on.account of the length of tube which this mode 
required. These experiments were, however, discontinued, 
and the refracting telescope itself chiefly laid aside for astro- 
nomical purposes, in consequence of the discovery of the re- 
flecting telescope. 

Reflecting Telescope. The common reflecting telescope 
consists of a large tube, containing two concave reflecting mir- 
rors, of diflferent sizes, and two eye glasses. The object is 
first reflected from the large mirror to the small one, andf from 
the small one, through the two eye glasses, where it is then 
seen. 

In comparing the advantages of the two instruments, it need 
only be stated, that the refracting telescope, with a focal length 
of a thousand feet, if it could be used, would not magnify dis- 
tinctly more than a thousand times, while a reflecting telescope, 
only eight or nine feet long, will magnify with distinctness 
twelve hundred times. 

Does the addition of these two lenses make an^ diflerence with the appa- 
rent magnitiide of the ohject ? Why cannot a highly magnifying eye glass 
be used in flie telescope f What is the most efficacious means of mereaaii^ 
the power of the nfractinfftelescope 1 How many lenses and mirnm form 
tbsreflecttDfftdeseopel What are the advaotagssoftbereflectiiig over the 
wfractiiy toMir<im1 
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The principle and construction of the reflecting telescope 
will be understood by fig. 172. Suppose the object o to be at 
such a distance, that the rays of hght from it pass v\ parallel 
lines, p, p, to the great reflector, r, r. This reflector being 
concave, the rays are converged by reflection, and cross each 
other at a, by which the image is inverted. The rays then 
pass to the small mirror, h, which being also concave, thev are 
thrown back in nearly parallel lines, and having passed the 
aperture in the centre of the great mirror, fall on the plano-con- 
vex lens e. By this lens they are refracted to a focus, and 
cross each other between e and rf, and thus thi; image is agam 
inverted, and brought to its orignal position, or in the position 
of the object. The rays then, passing the second eye glass, 
form the image of the object on the retina. 

The large mirror in this instrument is fixed, but the small 
one moves backwards and forwards, by means of a screw, so 
as to adjust the image to the eyes of different persons. 
Both mirrors are made of a composition, consisting of several 
metals melted together. 

One great advantage which the reflectmg telescope possess- 
es over the refracting, appears to be, that it admits of an eye 
fflass of shorter focal distance, and consequently, ot greater 
maffnifyinff power. The convex object glass of the refracting 
instrui^ent, does not form a perfect image of the object, smce 
some of the ravs are dispersed, and others colored by retrac- 
tion. This difficulty does not occur in the reflected image 
from the metallic mirror of the reflecting telescope, and conse- 
quently it may be distinctly seen, when more highly magnitied. 
' The instrument just described is called " Gregorys teles- 
coper because some parts of the arrangement were invented 
by Dr. Gregory. 

Explain fig. 172, and show the course of the rays from the object to the eye 
Whylsthe^allmirror in thk instrument made tomovebymean^^^^^ 
Whkt 18 the advantage of the reflecting telescope m res]fect to the eye ghssl 
Why IS Ihe telescope with two reflectors called Gregory^s telescope 1 
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In tbe telescope made by Dr. Henchel, the object is reflect* 
ed by a mirror, as in that of Dr. Gregory. But the second. 
or small reflector, is not employed, the image being seer 
through a convex lens, placed so as to masnifjr the image of 
the larze mirror, so that the obsenrer stands with his back to- 
wards Uie object 

The magnifying power of this instrument is the same as 
that of Dr. Gregory's, but the image appears brighter, because 
there is no second reflection ; for every reflection renders the 
image fainter, since no mirror b so perfect as to throw back 
all tne rays which fall upon its sur&ce. 

In Dr. Herschers grand telescope, the largest ever con- 
structed, the reflector was 48 inches in diameter, and had a 
focal distance of 40 feet This reflector was three and a hall 
inches thick, and weighed 2000 pounds. Now, since the fo- 
cus of a concave mirror is at the distance of one half the semi- 
diameter of the sphere, of which it is a section. Dr. Herschers 
reflector having a focal distance of 40 feet, formed a part of 
a s ph ere of 160 feet in diameter. 

This great instrument was begun in 1785, and finished four 
years afterwards. The frame by which this wonder to all as- 
tronomers was supported, having decayed, it was taken down 
in 1822, and another of 20 feet focus, with a reflector of 18 
inches in diameter, erected in its place, by Herschel's son. 

The largest Herschel's telescope now in existence is that 
of Greenwich observatory, in England. This has a concave 
reflector of 15 inches in diameter, with a focal length of 25 
feet, and was erected in 1820. 

Camera Obscura. Camera obscura strictly signifies a dark- 
ened chamber, because the room must be darkened, in order 
to observe its eflects. 

To witness the phenomena of this instrument, let a room be 
closed in every direction, so as to exclude the liorht. Then 
from an aperture, say of an inch in diameter, admit a single 
beam of light, and tne images of external things, such as trees, 
and houses, and persons walking the streets, will be seen 
inverted on the wall opposite to wnere the light is admitted, or 
on a screen of white paper, placed before the aperture. 

How does this iiistruinent ihffet from Dr. HerscheFs teleaoopet What 
was the focal distance and diameter of the mirror in Dr. Herscners great 
telescope 1 Where is the largest Herschel's telescope now in existence 1 
What is the diameter and feed distance of the reflector of this telescope* 
Describe tiie phenomena of the camera obscura. 
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The reason why the image is inverted, will be obvious, 
when it is remembered that the rays proceeding from the 
extremities of the object must converge in order to pass 
through the small aperture ; and as the rays of light always 
proceed in straight lines, they must cross each otlier at the 
point of admission, as explained under the article Yision. 

Fig. 173. ^ Thus the pen- 

cil fl, tig. 173, 
coming from the 
upper part of the 
tower, and pro- 
ceeding straight 
will represent 
the image of that 
part at \ while 
the lower part 
c, for the same 
reason will be 
represented at (2. If a convex lens, with a short tube, be pla- 
ced in the aperture through which the light passes into the 
room, the images of things will be much more perfect, and 
tlieir colors more brilliant. 

This instrument is sometimes 
employed by painters, in order 
to obtain an exact delineation of 
a landscape, an outline of the im- 
age being easily taken, with a 
pencil, when the image is 
thrown on a sheet of paper. 

There are several modifica 
tions of this machine, and among 
them the revolving camera ot- 
scura is the most interesting. 

It consists of a small house, 
fig. 174, with a plane reflector, 
a by and a convex lens, c b, pla- 
ced at its top. The reflector is 
fixed at an angle of 45 degrees 
with the horizon, so as to reflect 




Why is the unage fonned hy the cameTa obecura mvcrted 1 How may an 
outline of the imase formed by the camera obscmra be taken 7 Describe thf 
revolnng camera oMcmra. 
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ihe rays of liglil perpendicularly (lowinv.inlt, nnd is maOc lo 
revolve quite around, id either direciion. Iiy pulling a string. 

Now suppose the small house to be placed in tlie open air, 
with the mirror a b, turned towards the east, then the rays of 
light flowing from (he objects in that direc^on, will strike the 
mirror in the direction oJ" the lines o, and be reflected down 
through the convex lens c b, to the table e e, where they will 
form in miniature a most perfect and beautiful picture of the 
landscape in that direction. Then tjy making the reflector 
revolve, another portion of the landscape may be seen, and 
thus the objects in all directions can be viewed at k without 
changing the place of the instrument - 

The Slagic Lantern. The Magic Lantern is. a microscope, 
on the same principle as the solar microscope. But instead 
of being used to magnify natural oWects, it is commonly em- 
ployed lor aniusemenl, by casting the shadows of small trans- 
parent paintings done on glass, upon a screen placed at a pro- 
per distance. 



Let a candle, c, li?. 175, be placed on'the inside of a box, or 
tube, so thatitslight may pass through the plano-convex lens n, 
nnd strongly illuminate the object o. This oWect ia generally a 
small transparent painting on a slip of glass, which slides 
through an openin? in the tube. In order to show the figuies in 
the erect position, these paintings are inverted, since their sha- 
dows are again inverted by the refraction of the convex lens m. 
In some of these instruments, there is a concave mirror, d, 
by which the object, o, is more strongly illuminated than it 
would be by the lamp alone. The object is magoified by tho 
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double convex lens, m, wM'*.h is moveable in the tube by a 
screw, so that its focus can be adjusted to the required diik 
tance. Lastly, there is a screen of white cloth, placed at the 
proper distance, on which the image, or shadow of the pic- 
ture, is seen greatly magnified. 

Tlie pictures, being of various colors, and so transparent, 
that the light of tlie lamp shines through them, the shadows 
are also of various colors, and thus soldiers and horsemen 
are represented in their proper costume. 

Chromatics^ or tlie philosophy of Colors* • 

We have thus far considered light as a simple substance, 
and have supposed that all its parts were equally refracted, in 
its passage tnrough the several lenses described* But it will 
now be shown that light is a compound body, and that 
each of its rays, which to us appear white, is composed of 
several colors, and that each color suffers a different degree 
of refraction, when the rays of light pass through a piece of 
glass, of a certain shape. 

The discovery, that light is a compound substance, and 
that it may be decomposed, or separated into parts, was made 
by Sir Isaac Newton. 

If a ray, proceeding from the sun, be admitted into a dark- 
ened chamber, through an aperture in the window shutter, 
and allowed to pass through a triangular shaped piece of glass, 
called a prisniy the light will be decomposed, and instead of a 
spot of white light, there will be seen on the opposite wall, a 
most brilliant display of colors, including all those which are 
leen in the rainbow. 

Rg. ne. 
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Who made the discofvery that fight is a compoimd soSMtanoel la wliat 
fnnnnffff and hy what means, is light decomposQal 

17 
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Suppose Sj fig. 176, to be a ray from the sun, admitted 
tfarougn the window shutter a, in such a direction as to ftU on 
the floor at c, where it would form a round, white spot. Now, 
on interposing the prism p, the ray will be refracted, and at the 
same time decomposed, and will form on the screen m n, an 
oblong figure, containing seven colors, which will be situated 
in respect to each other, as named in the figure. 

It may be observed that of all the colors, the red is least 
refracted, or is thrown the smallest distance from the direc- 
tioil of the original sun beam, and that the violet is mast re- 
fracted, or bent out of that direction. 

The oblong image containing the colored rays, is called 
the solar or prismatic spectrum. 

That the rays of the sun are composed of the seven colors 
above named, is sufficiently evident by the fact, that such a 
ray is divided into these several colors by passing through 
the prism, but in addition to this proof, it is found by experi- 
ment, that if these several colors be blended or mixed togeth 
er, white will be the result. 

This may be done by mixing together seven powders, whose 
colors represent the prismatic colors, and whose quantities are 
to each other, as the spaces occupied by each color in the 
spectrum. When this is done, it wUl be found that the re- 
sulting color will be a greyish white. A still more satisfactory 
proof that these seven colors form white, when united, is ob- 
tained by causing the solar spectrum to pass through a lens, 
by which they are brought to a focus, wnen it is found that 
the focus will be the same color as it would be from the 
original rays of the sun. 

From the oblong shape of the solar spectrum, we learn that 
each of the colored rays is refracted in a different degree by 
passing through the same medium, and consequently that each 
ray has a refractive power of its own. Thus from the red to 
the violet, each ray in succession, is refracted more than the 
other. 

The prism is not the only instrument by which light can be 

What are the prismatic colors, and how do they succeed each other m the 
gpprtmml Whi<^ color is refracted most, and which least 1 When the se- 
veral prismatic oobn are Mended, what color is the result 1 When the solar 
spectram is made to pass through a lens, what is the color of the focus 1 
How do we learn that each cobred ray has %, refractive power of its own 1 
Bf what other means heside the prism, can thaniTf tfhght he decomposed 1 
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decomposed. A soap bubble blown up in the sun will didplay 
most of the prismatic colors. This is accounted for by sup- 
posing that the sides of the bubble vary in thickness, atid 
that the rays of light are decomposed by these vftriations. 
The unequal surface of mother of pearl, and many other shells, 
send forth colored rays on the same principle. 

Two surfaces of polished glass, when pressed together, will 
ajso decompose the light. Rings of colored light will be ob- 
served round the point of contact between the two surfaces, 
and their number may be increased or diminished by the 
degrees of pressure. Two pieces of common looking glass, 
pressed together with the fingers, will display most of the 
prismatic colors. 

A variety of substances, when thrown into the form of- the 
triangular prism, will decompose the rays of li^ht, as well as 
a prism of glass. A very common instrument lor this purpose 
is made by putting together three pieces of plate glass, in 
form of a prism. The ends may be made of wood, and the 
edfi;es cemented with putty, so as to make the whole water 
tight. When this is filled, with water and held before a sun 
beam, the solar spectrum will be formed, displaying the same 
colors, and in the same order, as that above described. 

In making experiments with prisms filled with different 
kinds of liquids^ it has been found that one liquid will make 
the spectrum longer than another ; that is, the red and violet 
rays, which form the extremes of the spectrum, will be thrown 
farther apart by one fluid, than by another. For example, if 
the prism be filled with oil of cassia, the spectrum formed by 
it will be more than twice Its long as that formed by a prism 
of solid glass. The oil of cassia is th^efore said to disperse 
the rays of light more than glass, and hence to have a great- 
er dispersive power. 

The Rainbow, The rainbow was a phenomenon, for which 
the ancients were entirely unable to account; but after the 
discovery that light is a compound principle, and that its col- 
ors may be separated by vanous substances, the solution of 
this phenomenon became easy. 

Sir Isaac Nekton, aAer his great discovery of the compound 

—^^-^^^^^—^——^—^ - , ^^ — 1 1 — I • — — * — 

How may li^ht be decomposed by two pieces of glass 7 Of what sub- 
stances may pnsms be fermed, besides glass 1 What is said of some fi^uids 
makbig the spectrmn laiger than others 1 What is said of oil of cassia, in 
tins resjpect ? What discovery precedsd the explanation of the rainbow 1 
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Bfttare of light; and the different refrangibilit^ of the colored 
njB^ was able to explain the rainbow on optical prineiples. 

If a glass riobe be suspended in a room, where the rays of 
the sun can mil upon it, the light will be decomposed, or sepa- 
rated into several colored rays, in the same manner as is 
done by the prism. A well defined spectrum will not, how- 
ever, be formed by the globe, because its shape is such as to 
disperse some of the rays, and converge others ; but the eye, 
by taking dijQTerent positions in respect to the globe, will ob- 
serve the various prismatic colors. Transparent bodies, 
such as glass -and water, reflect the rays of light from both 
their surfaces, but chiefly from the second surmce. That is, 
if a plate of naked glass be placed so as to reflect the image 
of the sun, or of a lamp, to the eye, the most distinct ima^e 
will come from the second surface, or that most distant from the 
eye. The great brilliancy of the diamond is owing to this cause. 
It will be understood directly, how this principle applies to 
the explanation of the rainbow. 

^^'^77. Suppose the 

circle a b c, fig. 
177, to represent 
a ff lobe or a drop 
of rain, for eacn 
drop of rain, as it 
II falls through the 
air, is a small 

globe of water, 
luppose, also, 
that the sun is at 
5, and tlie eye ol 
the spectator at e. 
Now, it has already been stated, that from a single fflobe, the 
whole solar spectrum is not seen i^ the same position, but 
that the diflferent colors are seen from different places. Sup- 
pose then, that a ray of li^ht from the sun s, on entering 
the globe at a, is separated into its primary colors, and at the 
same time the red ray, which is the least refrangible, is refract- 
ed in the line from a to b. From the second,- or inner sur- 
&ce of the globe, it would be reflected to c, the angle of re- 

Who fint explained the rainbow on optioal principles 1 Why does not a 
glass globe form a well defined spectrum 1 From which sur&ce do transpa- 
rent bodies chiefiy reflect the light ? Explain fig. 177, and show the dififerent 
refi^aotions^ and the lefiection concemea in forming the rainbow. 
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lection being equal to that of incidenee. On passing out of 
the globe, its refraction at c, would be just equal to the refrac- 
tion of the incident ray at a, and therefore the red ray would 
fall on the eye at e. All the other colored rays woula follow 
the same }aw, but because the angles of incidence and those 
of reflection are equal, and because the colored rays are sepa- 
rated from each other, by unequal refraction, it is obvious tnat 
if the'red ray entered the eye at e, none of the other colored 
rays could be seen from the same point. 

From this it is evident, that if the eye of the spectator is 
moved to another position he will not see the red ray coming 
from the same drop of rain, but only the blue, and if to ano- 
ther position, the green, and so of all the others. But in a 
shower of rain, there are drops at all heights, and distances, 
and though they perpetually change their places, in respect to 
the sun and the eye, as they fall, still there will be many 
which will be in such a position as to reflect the red rays to 
the eye, and as many more to reflect the yellow rays, and so 
of all the other colors. 

Fig.im This will be made 

obvious by fig. 178, 
where, to avoid 
confusion, we will 
suppose that only 
three drops of rain, 
and consequently, 
only three colors 
are jto be seen. 

The numbers 1, 
2, 3, are the rays of 
the sun, proceedinjr 
to the arops a, a, 
c, and from which 
these rays are re- 
flected to the eye, 
making diflferent 
angles with the 
horizontal line h, 

because one colored 

^ 

In the caw sapposed^ why will only the red ray meet the eyel SuppoM 
a person lookmg at a rainbow moves his eye, will he see the same cokra nom 
the same drop of rain 1 Explain fig. 178, and show why we see diflfexeoft 
eolors ftom dififeient drops of rain. • 
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ray is lefrftct^d more than another. Now suppose die r^ ray 
onjy reaches die eye from the drop o^ the green from tiie drop 
h, and the violet from the drop c, then the spectator would see 
a minute rainbow of three colors. But during a shower of rain, 
all the drops which are in the position of a, in respect to the 
eye, wouldsend forth red rays, and no othier, while those in the 
position of 6, would emit green rays, and no other, and those in 
the position of c, violet rays, and so of all the other prismatic 
colors. Each circle of colors of which the rainbow is formed, 
is therefore composed of reflections from a vast number of dif- 
ferent drops of rain, and the reason why these colors are dis- 
tinct to our senses, is, that we see only one color from a single 
drop, with the eye in the same position. It follows, then, that 
if we change our position, while looking at a rainbow, we still 
see a bow, but not the same as before, and hence, if there are 
many spectators, they will all see a different rainbow, though it 
appears to be the same. 

There are often seen two rainbows, the one formed as 
above described, and the other which is fainter, appearing 
on the outride, or above this. The secondary bow, as this 
last is called, always has its order of colors the reverse of the 
primary one. Thus the colors of the primary bow, beginning 
with its upper, or outermost portion, are red, orange, yellow, 
6lc. the lowest, or innermost portion being violet, while the 
secondary bow, beginning with the same corresponding part, 
is colored, violet, indigo, &,c. the lowest, or. innermost circle 
being red. 

In the primar}' bow we have seen, that the colored rays 
arrive at the eye after two refractions, and one reflection. 
In the secondary bow, the rays reach the eye after two re- 
fractions, and two reflections, and the order of the colors is 
«eT«rsed, because in this case, the rays of light enter the 
tnwftr part of the drop, instead of the upper part, as in ^ 
piMiiary bow. The reason why the colors are fainter in the 
s«}<^>ttdary than in the primary bow is, because a part of the 
lighli «$ lost or dispersed, at each reflection, and mere being 
two Mt^tions, by which this bow is formed, instead of one, 
as in thQ primary, the difl^erence in brilliancy is very obvious. 

Do mv^f^l fVtmMB see the same rainbow at the same time ? Explain the 
reaaoo of t^ How are the colors of the primary and secondary bows ar- 
rangtiJ in r^spsct tf> Mch other 1 How many refractions and reflections pro- 
duce the ^oco(Mla<y Ww 1 Why is the secondaiy bow len bnUiant than thft 

primary ] 
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The direction of a single ray* showing how (he secondary 
bow is formed, will be seen at fig. 179. 

^- ™- The ray r, 

from the sun, 
enters the 
drop of wa- 
ter at a, and 
is refracted 
to 6, then 
^ reflected ioc^ 
then again 
reflected to 
df where it 
suffers an- 
other refrac- 
tion, and lastly, passes to the eye of the spectator at e. 

The rainbow, being the consequence of the refracted and 
reflected rays of the sun, is never seen, except when the sun 
and the spectator are in similar directions, in respect to the 
shower. It assumes the form of a semicircle, because it is only 
at certain angles that the refracted ravs are visible to the eye. 
Of the colors of things. The light of the sun, we have 
seen, may be separated into seven primary rays, each of 
which has a color of its own, and whicn is dinerent from that 
of the others. In the objects which surround us, both natural 
and artificial, we observe a Great variety of colors, which dif- 
fer from those composing th% solar spectrum, and hence one 
might be led to believe that both nature and art afford col- 
ors diflerent from those aflbrded by the decomposition of the 
solar rays. But jt must be remembered, that the solar spec- 
trum contains only the primary colors of nature, and that by 
mixing these colors in various proportions with each other, 
an indefinite variety of tints, all diflering from their primaries, 
m^ be obtained. 

It appears that the colors of all bodies depend on some pe- 
culiar property of their surfaces, in consequence of which, 
they absorb some of the colored rays, and reflect the others. 
Had the surfaces of all bodies the property of reflecting the 

Why are the colors of things different fhmn those of the solar roectmm 1 
On wliat do the colors of booues depend % Suppose all bodies reflected the 
same lay what wovdd be the consequence, in regard to color ? 
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same ray only, all nature would display the monotony of a 
•ingle color, and our senses would never have known the 
charms of that variety which we now behold. 

All bodies appear of the color of that ray, or of a tint depend- 
ing on the several rays which it reflects, while all the othei 
rays are absorbed, or, in other terms, are not reflected. Black 
and white, therefore, in a philosophical sense, cannot be consi- 
dered as colors, since the first arises from the absorption of aU 
Uie rays, and the reflection of none, and the last is produced 
by the reflection of all the rays, and the absorption of none. 
But in all colors, or shades of color, the rays only are reflect* 
ed, of which the color is composed. Thus the color of grass, 
and the leaves of plants is green, because the surfaces of these 
substances reflect only the green rays, and absorb all the others, 
For the same reason the rose is red, the violet blue, and so ol 
all colored substances, every one throwing out the ray of its 
own color, and absorbing all the others. 

To account for such a variety of colors as we see in diflfer- 
ent bodies, it is supposed that all substances, when made suf- 
ficiently thin, are transparent, and consequently, that tliey 
transmit through their surfaces, or absorb, certain rays ot 
light, while other rays are thrown back, or reflected, as above 
described. Gold, for example, may be beat so thin as to 
transmit some of the rays of light, and the same is true ol 
several of the other metals, which are capable of being ham- 
mered into thin leaves. It is therefore most probable, that 
all the metals, could they be made sufficiently thin, would 
permit the rays of light to pass through them. Most, if not 
quite all mineral substances, though m tlie mass they may 
seem quite opaque, admit the light through their edges, when 
broken, and almost every kind of wood, when made no thinner 
than writing paper, becomes translucent. Thus we may safe- 
ly conclude, that every substance with which we are ac- 
Suainted, will admit the rays of light, when made sufficiently 
lin. 

Transparent colorless substances, whether solid or fluid, 
such as glass, water, or mica, reflect and transmit light of tlte 
same color ; that is, the light seen through these bodies, and 
reflected from their surfaces, is white. This is true of all 

Why are not black, and white, considered as colors ? Why is the color 
of grass green 1 How is the variety of colors accounted for, by considering 
all bodies transparent? What is s^idof the reflection of cobred light by 
transparent substances 1 
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transpmrent substances under ordinary circumstances ; but if 
their thickness be diminished to a certain extent, these sub- 
stances will both reflect, and transmit colored light of yariojis 
hues, according to their thickness. Thus the thin plates of 
mica, which are left on the fingers, after handling tnat sub- 
stance, will reflect prismatic rays of variolis colors. 

There is a degree of tenuity, at which transparent substan- 
ces cease to reflect any of the colored rays, but absorb, or 
transmit them all, in which case they become black. This 
may be proved by yarious experiments. If a soap bubble be 
closely observed, it will be seen that at first, the mickness is 
sufficient to reflect the prismatic rays from all its parts, but as 
it grows thinner, and just before it bursts, there may be seen 
a spot on its top, which turns black, thus transmitting all the 
rays at that part, and reflecting none. The same pnenome- , 
non is exhibited, when a film of air, or water, is pressed be- 
tween two plates of glass. At the point of contact, or where 
the two plates press each other with the greatest force, there 
will be a black spot, while around this, there may be seen a 
system of colored rings. 

From such experiments, Sir Isaac Newton concluded, that 
air, when below the thickness of half a millionth of an inchj 
ceases to reflect light; and also that water, when below the 
thickness of three eighths of a millionth of an tncA, ceases to 
reflect 'light. But that both air and water, when their thick- 
ness is in a certain degree above these limits, reflect all the 
colored rays of the spectrum. 

Now all solid bodies are. more or less porous, having among 
their particles either void spaces, or spaces filled with some 
foreign matter, diflering in density from the body itself, such 
as air or water. Even gold is not perfectly compact, since 
water can be forced through its pores. It is most probable, 
then, that the parts of the same body, differing in density, 
either reflect, or transmit the rays of light according to the 
size, or arrangement of their particles ; and in proof of this, 
it is foimd that some bodies transmit the rays of one color, 
and reflect those of another. Thus the color which passes 
through a leaf of gold is green, while that which it reflects is 
yellow. 

From a great variety of experiments on this subject, Sir 

What substance is mentioned, as illustrating this fact % When is it said 
that transparent substances become black ? How is it provedrthat fluids ot 
extreoie tenuity, absorb oil the rays and reflect Done 1 
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Isaac Newton concludes that the transparent parts of bodies, 
according to the sizes of their transparent pores, reflect rays 
of one color, and transmit those of another, for the same rea- 
son that thin plates, or minute particles of air, water, and some 
other substances, reflect certain rays, and absorb, or transmit 
others, and that this is the cause of all their colors. 

In confirmation of the truth of this theory, it may be observ- 
ed, that many substances, otherwise opaque, become trans- 
parent, by filling their pores with some transparent fluid. 

Thus the stone called Hydrophane, is perfectly opaque, 
when dry, but becomes transparent when dipped in water ; 
and common writing paper becomes translucent, af^er it has 
absorbed a quantity ot oil. The transparency, in these cases, 
may be accounted for, by the difiereivt refractive powers 
which the water and oil possess, from the stone, or paper, and 
in consequence of which the light is enabled to pass among 
tlieir particles by refraction. 



ASTRONOMY. 

Astronomy is that science which treats of the motions and 
appearances of the heavenly bodies; accounts for the pheno- 
mena which these bodies exhibit to us, and explains the laws 
by which their motions, or apparent motions, are regulated. 

Astronomy is divided into Descriptive^ Physical^ ana Prac- 
tical. 

Descriptive astronomy demonstrates the magnitudes, distan- 
ces,' and densities of the heavenly bodies, and explains the 
phenomena dependant on their motions, such as tne change 
of seasons, and the vicissitudes of day and night 

Physical astronomy explains the theory of planetary mo- 
tion, and the laws by which this motion is regulated and sus- 
tained. 

Practical astronomy details the description and use of as- 
tronomical instruments, and dev elopes the nature and appli 
cation of astronomical calculations. 

The heavenly bodies are divided into three distinct classes. 

What is the condusion of Sir Isaac Newton, concerning the tenuity al 
which water and air cease to reflect light 1 What is said of the porous nar 
tuie of solid bodies 1 What in astronomy? How is astronomy divided 1 
What does descriptive astronomy teach 1 What is the object of physica.* 
astronomy 1 What is practical astronomy 1 
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or 83r8tem89 namely, the solar system, consistiiig of the stiiif 
moon, and planets, the system of the fixed stars, and the sys< 
tern of the comets. 

T%e Solar System, 

The Solar syistem consists of the sun and twei)ty-nine other 
bodies, which revolve around him at various distances, and in 
various periods of time. 

The bodies which reyolvjB around the sun as a centre, are 
called primary planets. Thus, the Earth, Venus, and Mars, 
are primary planets. Those which revolve around the prima- ' 
ry planets, are called secondary planets, moons, or satellites. 
Our moon is a secondary planet or satellite. 

The primary planets revolve around the sun in the following 
order, and complete their revolutions in the following times, 
computed in our days and years. Beginning with that nearest 
to the sun. Mercury performs his revolution in 87 days and 23 
hours ; Venus, in 224 days, 17 hours ; the Earth, attended by 
the moon, in 365 day^, 6 hours ; Mars, in 1 year, 322 days ; 
Ceres, in 4 years, 7 months, and 10 days ; Pallas, in 4 years, 
7 months, and 10 days ; Juno, in 4 years and 128 days ; Ves 
ta, in 3 years, 66 days, and 4 hours ; Jupiter, in 11 years, 315 
days, and 15 hours; Saturn, in 29 years, 161 days, and 19 
hours ; Herschel, in 83 years, 342 days, and 4 hours. 

A year consists of the time which it takes a planet to per- 
form one complete revolution through its orbit, or to pass once 
around the sun. Our earth performs this revolution in 365 
days, and therefore this is the period of our year. Mercury 
completes her revolution in 88 days, and therefore her year is 
no longer than 88 of our days. But the planet Herschel is 
situated at such a distance from the sun, that his revolution is 
not completed in less than about 84 of our years. The other 
planets complete their revolutions in various periods o/ time, 
between these ; so that the time of these periods is generally 
in proportion to the distance of each planet from the sun. 

Ceres, Pallas, Juno, and Vesta, are the smallest of all the 
planets, and are called Asteroids. 

How are the heavenly bodies divided 1 Of what does the solar system 
consist 1 What are the bodies called, which revolve aroand the sun as a cen- 
ttel What are tiiiose called, which revolve around these primaiies as a cen- 
tre ? In what Older are the several planets situated, in respect to the gun 1 
Hew long does it take each planet to make its revolution around the sun 1 
What IB a year "i What planets are called asteroids '? 
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Besides the above enumerated primaiy plane(B» our system 
eontains eighteen secondary planets, or moons. Of these, 
our Earth has one moon, Jupiter four, Saturn seven, and Heiv 
schel six. None of these moons, except our own, and one or 
two of Saturn's, can be seen without a telescope. The seven 
other planets, so &r as has been discovered, are entirely with- 
out moons. 

All the planets move around the sun from west to east and 
in the same diroction do the moons rfi^f^olve around their pri- 
maries, with the exception of those of Herschel, which appear 
to revolve in a contrary direction. 

The paths in which the planets move round the sun, and in 
which tne moons move round their primaries, are called their 
orbits. These orbits are not exactly circular, as they are com- 
monly represented on paper, but are elliptical, or oval, so that 
all the planets are nearer the sun, when in one part of their 
orbits, than w}ien in another. 

In addition to their annual revolutions, some of the planets 
,are known to have diurnal, or daily revolutions, like our earth. 
The periods of these daily revolutions have been ascertained 
in several of the planets by spots on their surfaces. . But 
where no ^uc)i mark is discernible, it cannot be ascertained 
whether the planet has a daily revolution or not, though this 
has been found to be the case in every instance where spots 
are seen, and, therefore, there is little doubt but all have a 
daily, as well as a yearly motion. 

The axis of a planet is an imaginary line passing througn 
its centre, and about which its diurnal revolution is performed. 
The poles of the planets are the extremities of this axis. 

The orbits of Mercurv and Venus are within that of the 
earth, and consequently tney are called inferior planets. The 
orbits of all the other planets are without, or exterior to that 
of the earth, and these are called superior planets. 

That the orbits of Mercury and Venus are within that of * 
the earth, is evident from the circumstance, that they are 
never seen in opposition to the sun, that is, they never appear 

How many moons does our system contain 1 Which of the planets aro 
attended by moons, and how many has each '? In what direction do the planets 
move around the sun ? What is the orbit of a planet ? What revolutionB 
have the planets, besides their yearly revolutions 1 Have all the planets diur- 
nal revolutions? How is it known that the planets have daily revolutions 1 
What is the axb of a planet? What is the pole of a planet 1 Which are 
the superior, and which the faiferior planets? 
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in the west, when the sun is in the east. On the contrary, 
the orbits of all the other planets are proved to'be outside of 
the earth's, since these planets are sometimes seen in oppo- 
sition to the sun. 

* Pig. 180. This will be understood 

by fig. 180, where suppose 
s to be the sun, m the orbit 
of Mercury or Venus, e the 
orbit of the earth, and j ths.t 
of Jupiter. Now it is evi- 
dent, that if a spectator be 
placed any where in the 
earth's orbit, as at 0, he may 
sometimes see Jupiter in op^ 
position to the sun, as atj,' 
because then the spectator 
would be between Jupiter 
and the sun. But the orbit 
of Venus, being surrounded 
by that of the earth, she never can come in opposition to 
the sun, or in that part of the heavens opposite to him, as 
seen by us, because our earth never passes between her and 
the sun. 

It has already been stated, that the orbits of the planets are 
elliptical, and that, consequently, these bodies are sometimes 
nearer the sun than at others. An ellipse, or oval, has two 
foci, and the sun, instead of being in the common centre, is 
always in the lower foci of their orbits. 




Fig. 181. 




The orbit of a planet is 
represented by fig. 181, 
where a, d, ft, e, is an el- 
lipse, with its two foci, s 
and 0, the sun being in the 
focus Sj which is caUed the 
lower focus. 

When the earth, or any 
other planet, revolving 
around the sun, is in that 
part of its orbit nearest the 



How is it proved that the inferior planets are within the earth's orbit, and ^ 
the supoiior ones without it 7 Explain fig. 180, and show why the inferior * 
(Janets never can be in opposition to the sun. What are the shapes of the 
planetaiy orbits 1 What is meant by perihelion 1 

18 



*9Q6 4«tra<^^miT. 

f9iit,,yri4fh is'at the greafc^t distance from the 8Uii«.a9 at Ih, it 
i8'flaid(«to be in its aphelion. The line 69 d^ ia the meaii».(Hr 
areraffe distance of a planet's orbit from the sun. 

£cliftic, — ^Th^ planes of the orbits of all the planets pass 
througn the centre of the sun. The plane of an orbit is an 
imaginary s.urface9 passing from one extremity or side of the 
oirbit, to the other. If the rim of a drum head be considered 
■the orbit, its plane would be the parchment extended across 
ity. on which the drum is beaten. 

Let us suppose the earth's orbit to be such a plane, cutting 
the sun through his centre, and extending out on every side 
to thQt starry heavens ; the great circle so made, would mark 
the line of the ecliptic^ or the sun's apparent path through the 
heavens. 

This circle is called the sun's apparent path, because the 
revolution of the earth fives the sun the appearance of passing 
through it It is called the ecliptic, because eclipses nappen 
when, the moon is in, or near, this apparent path. 

Zodiac. — ^The Zodiac is an imaginaiy belt, or broad circle, 
extending quite around the heavens. The ecliptic divides the 
zodiac into two equal parts, the zodiac extending 8 degrees 
on each side of the ecliptic,- and therefore, is 16 degrees wide. 
The zodiac is divided into 12 equal parts, called the signs oj 
the zodiac. 

The sun appears every year to pass around the great circle 
of the ^ecliptic, and consequently, through the 12 constella- 
tions, or signs of the zodiac. But it ^dll be seen, in another 
place, that the sun, in respect to the earth, stands still, and 
that his apparent yearly course through the heavens is caused 
by the annual revolution of the earth around its orbit 

To understand the cause of this deception, let us suppose 

What b the plane of an orHt 1 Explain what is meant hj the ed^itic. 
Wliy is the ediptic called the sun's apparent pathi What is the sodiaci 
low doM the ecfiptic divide the zodiac \ How fiur does the lodtac exteodt 
« eadi side of th9 edqplicl 
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F%. 1891 Oiat S9 fi^. 18% is the flltti, ai$ ft piii 

of the circle of the ecliptie« mi cd^ 
a part of the earfih^s orbit Now, if 
a spectator be placed at 0, he Idll 
see tlie sim in Uiat part of the eclip- 
tic marked by &, but when the earth 
mores in her annual revolution to d, 
the spectator will see (iie sun in tiiat 
part of the heavens marked by a ; 
so Uiat the motion of the earth in one 
direction, will give the sun an appa- 
rent motion in -the contrary direc- 
tion. 

A sign, or constellation^ is a Col- 
lection of fixed stars, and, as we have 
already s^en, the sun appears to move 
through the twelve signs of the zo- 
diac every year. Now the sun's place in the heavens, or zo- 
diac, is found by his apparent conjunction, or nearness to any 
particular star in the constellation. Suppose a spectator at c, 
observes the sun to be nearly in a line with the star at 6, then 
the sun would be near a particular star in a certain constella- 
tion. When the earth moves to d, the sun's place would as- 
sume another direction, and he would seem to have moVed 
into another constellation, and neai the star a. 

Each of the 12 signs of the zodiac is divided into 30 smidl- 
er parts, called degrees; each degree into 60 equal* parts, 
called minutes, and each minute into 60 parts, called seconds. 
The division of the zodiac into signs, is of very ancient date, 
each sign having also received the name of some animal, or 
thing, which the constellation, forming that siffn, was supposed 
to resemble. It is hardly necessary to say, that this is chiefly 
the result of imagination, since the figures made by the places 
of the stars, never mark the outlines of the figures of anima1% 
or other things. This is, however, found to be the most con* 
venient method of finding any particular star at this day, for 
among astronomers, any star, in each constellation, may be 
designated by describing the part of the animal in which it is 

Explain fig. 182, and show why the sun seems to pass through the ec^ 

lie, wnen the earth cmly rovolves around the sun. What i& a constellation, 

er fljgnl How is the sun's apparent place m the heavens found 1 Into how 

many parts aie the aligns of tae ifi^afi divided, and what are these paxta 

alledl 
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situated* Thus, by knowing how many stars belong to the 
constellation Lc^, or the laon, we readily know what star is 
meant by that wMch is situated on the Lion's ear or talL 

Tlie names of the 12 signs of the zodiac are, Aries, Taanis» 
€remin]. Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius, Ca- 
pricom, Aquarius, and Pisces. The common names, or mean- 
ing of these words, in the same order, are, the Ram, the Bull, 
the Twins, the Crab, the lion, the Virgin, the Scales, the Scor- 
pion, the Archer, the Goat, the Waterer, and the Fishes. 

Fig. 183. 




The 12 signs of the zodiac, together with the sun, and the 
earth revolving around him, are represented at fig. 1^. When 
the earth is at A, the sun will appear to be just entering the 

Is there any lesemblanoe between the places of the stan, and the figures 
of the animals after which they are called ? Explain why this is a con- 
venient method of finding any particular star in a agn. What are the 
of the 12 signs 1 
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^ign^AneBf t>eeaa^e ihen^ when seen from the euihy he ramigtM 
•fowards e^tain stars at the beginning of that const^ktion. 
When the earth is at C, the sun will appear in the opposite 
mtrt of the heavens, and therefore in the beginning^ of Libnu 
jThe middle tine, dividing the circle of the zodiac into equal 
parts, is the line of the ecliptic. 

Density of the Planets, — ^Astronomers have no means of 
ascertaining whether the planets are composed of the same 
kind of matter as our earth, or whether their surfaces are 
clothed with vegetables and forests, or not. They have, 
however, been able to ascertain the densities of several of 
them by observations on their mutual attraction. By density, 
is meant compactness, or the quantity of matter in a given 
space. When two bodies are of equal bulk, that which weighs 
most, has the greatest density. It was shown, while treating 
of the properties of bodies, that substances attract each other 
in proportion to the quantities of matter they contain. li^ 
therefore, we know the dimensions of several bodies, and can 
ascertain the proportion in which they attract each other, 
their quantities of matter, or densities, are easily found. 

Thus, when the planets pass each other in their circuits 
through the heavens^ they are often drawn a little out of the 
lines of their orbits by mutual attraction. As bodies attract in 
proportion to their quantities of matter, it is obvious that the 
small planets, if of the same density, will suffer greater disturb- 
ance from this cause, than the large ones. But suppose two 
planets, of the some dimensions, pass each otlier, and it is 
found that one of them is attracted twice as far out of its or- 
bit as the other, then, by the known laws of gravity, it would 
be inferred, that one of them contained twice the quantity of 
matter that the other did, and therefore that the density of the 
one was twice that of the other. 

By calculations of this kind, it has been found, that the 
density of the sun is but a little greater than that of water, 
while Mercury is more than nine times as dense as water, 
havinff a specific gravity nearly equal to that of lead. The 
earth nas a density abotit five times greater than that of the 
sun, and a little less than half that of Mercury. The densi- 

Explatn why the Bun win he in the hemnmng of Aries, when the earth is 
at Aj fig. 184. How has the density <if&e planets been ascertained 1 What 
iineant by denncy 1 1n what proportion do bodies attract each other 1 How 
«ve the densities of the planets ascertained 1 What is the density of the sua, 
of M ii cm ' y y and of tiio eaith4 

18* 
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* ties of Uie other planets seem to dimiiiish in proportioii* *" 
. their distances from the sun increase, the density of Satonif 

one of the most remote of planets, being only about one 

third that of wat3r. 

The sun is the centre of the solar system, and the rreat 
dispenser of heat and light to all the planets. ArouncT tfie 
sun all the planets reyolve, as around a common centre, he 
bcinj^ the largest body in our system, and, so far as we know, 
the largest in the universe. 

The distance of the sun from the earth is 95 millions of 
miles, and his diameter is estimated at 880,000 miles. Onr 
globe, when compared with the magnitude of the, sun, is a 
mere point, for his bulk is about thitieen hundred thousand 
times greater than that of the earth. Were tlie sun's centre 
placed in the centre of the moon's orbit, his circumference 
would reach two hundred thousand miles beyond her orbit in 
every direction, thus filling the whole space between us and 
the moon, and extending nearly as far beyond her as she' is 
from us. A traveller, Avno should so at the rate of 90 miles 
a day, would perform a journey of nearly 33,000 miles in a 
year, and yet it would take such a traveller more than 80 
years to go round the circumference of the sun. A body of 
such mighty dimensions, hanging on nothing, it is certain, 
must have emanated from an Almighty power. 

The sun appears to move around tlie earth every 34 hours, 
rising in the east, and setting in the west. This motion, as 
will Be proved in another place, is only apparent, and arises 
from the diurnal revolution of the earth. 

The sun, although he does not, like the planets, revolve in 
an orbit, is, however, not without motion, having a revolution 
around .his own axis, once in 25 days and 10 hours. Both the 
fact that he has such a motion, and the time in which it is per- 
formed, have been ascertained by the spots on his surface. 
If a spot is seen, on a revolving body, in a certain direction, 
it is obvious, that when the same spot is again seen, in the 

. In what proTOrtions do the densities of the planets appear to «timiniah 1 
Where is the place of the sun, in the solar system 1 Wnat is the distanoe 
of die sun from the earth 1 What is the diameter of the sun % Suppose the 
centre of the sun and that of the moon's orbit to be coincident, now fti 
would the sun extend beyond the moon's orbit ? How is it provtM Aat tht 
Min has a motion azoond his own axis 1 How often doea tlie sun levohe 1 
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, same dir^tioiiy that the body has made oae revolution.. By 
.such spots the diurnal revolutions of the planets, as well a^i 
the sun, have been determined. 

Spots on the sun seem first to have been observed in the 
year 1611, since which time they have constantly attracted 
attention, and have been the subject of investigation among 
astronomers. These spots change their appearance as the 
sun revolves on his axis, and become greater or less, to an 
observer on the earth, as they are turned to, or from him ; 
they also change in respect to real magnitude and number : 
one spot, seen by Dr. Herschel, was estimated to be more 
than SIX times the size of our earth, being 50,000 miles in 
diameter. Sometimes forty or fifty spots may be seen at the 
same time, and sometimes only one. They are often so large 
as to be seen with the naked eye ; this was the case in 1816. 

In respect to the nature and design of these spots, almost 
every astronomer has formed a different theory. ' Some have 
supposed them to be solid opaque masses of scoriae, floating in 
. the liquid fire of the sun ; others as satellites, revolving round 
him, and hiding his li^ht from us ; others as immense masses, 
which have fallen on his disc, and which are dark colored, be- 
cause they have not yet become sufficiently hedted. In two 
instances, these spots have been seen to burst into several 
parts, and the parts to fly in several directions, like a piece of 
ice thrown upon the ground. Others have supposed that 
these dark spots were the body of the sun, wnich became 
visible in consequence of openings through the fiery matter, 
with which he is surrounded. Dr. Herschel, from n;any ob- 
servations with his great telescope, concludes, that the shininff 
matter of the sun consists of a mass of phosphoric clouds, anp 
that the spots on his surface are owing to disturbances in the 
equilibrium of this luminous matter, by which opening are 
made through it There are, however, objections to this the- 
ory, as indeed there are to all the others, and at present it 
can only be said, that no satisfactoiy explanation of the cause 
of these spots has been given. 

That the sun, at the same time that he is the great source 
of heat and light to all the solar worlds, may yet be capable of 
supporting animal life, has been the favourite doctrine of seve- 

When were spots of the sun first observedl What has been the difier- 
enee in the number ofspots observed 1 What was the size of the spot seen 
by Dr. HeiBchell Wnat baa been advanced oonoerning the natue ol 
tbase spots ? H?ve tb<7 been aeooonted for sa t i rf actorily 1 
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ml able nstranonaen. Dr. Wilsoii drat itiffgested ihat ^Ib 
miffht be the ease, and Dr. Herschel, wiUi his telescope, 
nuSle observations which confirmed him in this opinion. The 
latter astronomer supposed that the functions of the sun, as 
the dispenser of light and heat, might be performed by a lumi- 
nous, or phosphoric atmosphere, surrounding him at many 
hundred miles distance, while his solid nucleus might be fit- 
ted for the habitations of millions of reasonable beings. This 
doctrine is, however, rejected by most writers on the subject 
at the present day. 

Mercury, 

Mercury, the planet nearest the sun, is about 9000 miles in 
diameter, and revolves around him, at the distance of 37 
millions of miles. The period of his annual revolution' is 87 
djiys, and he turns on his axis once in about 24 hours. 

The nearness of this planet to the sun, and the short time 
his fully illuminated disc is turned towards the earth, has pre- 
vented astronomers from making many observations on him. 

No signs of an atmosphere have been observed in this 
planet The sun's heat at Mercury is about seven times great- 
er than it is on the earth, so that water, if nature follows the 
same laws there that she does here, camiot exist at Mercury, 
except in the state of steam. 

The nearness of this planet to the sun, prevents his being 
often seen. He may, however, sometimes be observed just 
before the rising, and a little after the setting of the sun. When 
seen after sunset, he appears a brilliant, twinkling star, show 
ing a white light} which, however, is much obscured by the 
.glare of twilight When seen in the morning, before the ri- 
sing of the sun, his light is also obscured by the sun's rays. 

Mercury sometimes crosses the disc of the sun, or corner 
between the earth and that luminary, so as to appear like a 
small dark spot passing over the sun's face. This is called 
the transit of Mercury. 

Venus. 
Venu9 is the other planet, whose orbit is within that of the 

What is said con^rnitig the sun's ban^ a habitable elobe? Whatistfao 
diameter of MoKwry, and what are his periods of annual and diurnal revolo- 
tioa 1 Hovr^nat is the^sun's heat at Merooiy 1 At what .tames, is Mexowj 
Co be seen? VVliat]aatnnBitx>f Meicuiyl 



ASXRONOMT. 213 

earth. Her diameter is about 8600 miles, being somewhat 
lai^er than the earth. 

Her revolution around the sun is performed in 224 days, at 
the distance of 68 millions of miles from him. She turns on 
her axis once in 23 hours, so that her day is a little shorter 
than ours. _ ^ 

Venus, as seen from the earth, is the most brilliant of all the' 
primary planets, and is better known than any nocturnal lumi- 
nary except the moon. When seen through a telescope, she 
Bxlnbits the phases, or horned appearance of the moon, and her 
face is sometimes variegated with dark spots. Venus may 
^ften be seen in the day time, even when she is in the vicini- 
ty of the blazing light of the sun. A luminous* appearance 
iround this planet, s^en at certain times, proves that she has 
an atmosphere. Some of her mountains are several times 
more elevated than any on our globe, being from 10 to 22 
mUes high. Venus sometimes makes a transit across the 
sun's disc, in the same manner as Mercury, already de- 
8cribed« The transits of Venus occur only at distant periods 
from each other. The last transit was in 1769, and the next^ 
will not happen until 1874. These transits have been ob- 
served by astronomers with the greatest care and accuracy, 
since it is by observations on them that the true distances of 
the earth and planets from the sun are determined. 

When Venus is in that part of her orbit which fives her 
the appearance of being west of the sun, she rises betore him, 
and is then called the morning star ; and when she appears 
east of the sun, she is behind nim in her course, and is then 
called the evening star. These periods do not agree, either 
with the yearly revolution of the earth, or of Venus, for she is 
alternately 290 days the morning star, and 290 days the even- 
ing star. The reason of this is, that the earth and Venus move 
round the sun in the same direction, and hence her relative mo- 
tion, in respect to the earth, is much slower than her absolute 
motion in her orbit. If Uie earth had no yearly motion, Venus 
would be the morning star one half of the year, and the even- 
ing star the other half. 

Where is the orbit of Venps, in respect to that of the eaith 1 What is 
the time of Venus' levolution' round the sun 1 How often does she turn 
on her axis % What is said of the height of the mountains in Venus 'i On 
what account are the transits of Venus observed with great care 1 When is 
Venus the morning, and when the evening star 1 How long is Venus the 
monnng, and how long the evening star 1 



TTie Earth. 

The next planet in our system, nearest' the stm, i^the'Sarth. 
Her diameter is 7912 miles. This planet re'^olves around 
him in 365 days, 5 hours, and 48 ininutes ; and at the dis- 
tance of 05 millions of miles. It turns round its own axis 
once in 24 hours, making a day and a night The Earth's revo- 
lution round the sun is called its annual^ or yearly motion, 
because it is performed in a year ; while the revolution around 
its own axis, is called the diurnal^ or daily motion, because it 
takes place every day. The figure of the earth, with the phe- 
nomena connected with her motion, will be explained in ano- 
ther place. 

The Moon. 

The Moon, next to the sun, is, to us, the most brilliant and 
interesting of all the celestial bodies. Being the nearest to 
us of any of the heavenly orbs, and apparently designed for 
our use, she has been observed with great attention, and many 
of the phenomena which she presents, are therefore better 
understood and explained, than those of the other planets. 

While the earth revolves round the sun in a year, it is at- 
tended by the Moon, which makes % revolution round the 
earth once in 27 days 7 hours and 43 minutes. The distance 
of the Moon from the earth is 240,000 miles, Itnd her diameter 
about 2000 miles. 

Her surface, when seen through a telescope, appears direr- 
nfied with hills, mountains, valleys, rocks, and plains, present- 
ing a most interesting and curious aspect : but the explana- 
tion of these phenomena are reserved for another section. 

Mars. 

The next planet in the solar system, is Mars, his orbit sur 
rounding that of the earth. The diameter of this planet is up- 
wards of 4000 miles, being about half that of the earth. The 
revolution of Mars around the sun is performed in nearly 687 
days, or in somewhat less than two of our years, and he turns 
on his axis once in 24 hours and 40 minutes. His mean 

Haw long does it take the earth to revolve round the sun 7 What is meant 
by Hie earth's annual revolution, and what by her dhimal revolution 1 Why 
are the phenomena of the moon better explained than those of the othei 
planets 1 In what time is a revolution of the mbon about die earUi perfoitn- 
ed ? What is the distance of themotm fhim the eart^ 1 What is the diame- 
ter of Mars? How much longer is syeartaMftntluui our ye^'i 
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dmtanee fremihe san is 144 millions ot miles, so that he mores 
m his orbit at the rate of about 55,000 miles in an hour. The 
days uid nights, at this planet, and the different seasons of 
the year, bear a considerable resemblance to those of the 
earth. The density of Mars is less than that of the earth, 
bein^ only three times that of water. 

Mars reflects a dull red light, by which he may be distin- 
guished from the other planets. His appearance through tibe 
telescope, is remarkable for the great number and variety of 
spots which his surface presents. 

Mars has an atmosphere of great density and extent, as is 
proved by the dim appearance of the fixed stars, when seen 
through it. When any of the stars are seen nearly in a line 
with this planet, they give a faints obscure lignt, and the 
nearer they approach the line of his disc, the fainter is their 
light, until the star is entirely obscured from the sight 

This planet sometimes appears much larger to us than at 
others, and this is readily accotftited for by his greater or less 
distance. At his nearest approach to the earth, his distance 
is only 50 millions of miles, while his greatest distance is 240 
millions of miles ; making a difference in his distance of 190 
millions of miles, or the diameter of the earth's orbit 

The sun's heat at this planet is less than half that which 
we enjoy. 

' To the inliabitants of Mars, our planet appears alternately 
as the morning and evening star, as Venus aoes to us. 

VestOj Juno, Pallas, and Ceres, 

These, planets were unknown until recently, and are there- 
fore sometimes called the new plimets. It has. been mention- 
ed, that they are also called Asteroids, 

The orbit of Vesta is next in the solar system to that of 
Mars. This planet was discovered by Dr. Olbers, of Bremen, 
in 1807. The light of Vesta is of a pure white, and in a clear 
night she may be seen with the naked eye, appearing about 
the size of a star of the 5th or 6th magnitude. Her revolu- 
tion round the sun is performed in 3 years and 66 days, at 
the distance of 223 millions of miles from him. 

Wkat U his rate of motion in his orbit 1 What is his appearance through 
the tetesoope? How is it proved that Mars has an atmosphere of great 
density? Why does Mars sometimes appear to us larger tnan at othersl 
How great is the son's heat at Mars 1 Wmch axe the new planets, or asta- 
jbdMs? W heB,wasVqrt»diiiaivwod1 What Js^tbspniod of Vesta's amnal 
vsvolutkiii ) 
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Juno wu discoTered by Mr. Harding, of Bremen, in 18M 
Her mean diBtence from the sun is 253 millions of miles 
Her orbit is more elliptical than that of any other planet, and 
inconsequence, she is Bometimes 127 miUiona of nules nearei 
the sun than at others. This planet completes its annual re- 
volution in 4 rears and about 4 months, and revolves round 
its axia in 37 iiours. Its diameter is 1400 miles. 

Pa/^« was also discovered by Dr. Olbera, in 1802. Its 
distance from the sun is 326 millions of miles, and its periodic 
revolution round him, is performed in 4 jeaxs and 7 months. 

Ceres was discovered in 1801, by Piazzi, of Palermo. This 
planet performs her revoluUon in the same time as Pallas, 
bein^ 4 years and 7 months. Her distance from the sun 360 
milhons of miles. According to Dr. Herschel, this planet is 
only about 100 miles in diameter. 
Jumter. 

Jupiter is 89,000 miles in diameter, and performs his annu- 
al revolution once ia about 11 years, at the distance of 4S0 
millions of miles from the sun. This is the largest nlanet in 
the solar system, being about 1400 times larger than tiie earth. 
His diumtu revolution is performed in nine hours and fifty- 
five minutes, giving his surface at the equator, ft motion of 
28,000 miles per hour. This motion is about twenty times 
more rapid tlun that of our earth at the equator. 

Jupiter, next to Venus, is the most brilliant of the planets, 
though'the light and heat of the sun on him ia nearly 25 
times less than on the earth. 

This planet is distinguished from all the others, by an ap- 

oearance resembling bands, which extend across bis disc. 

Fig. 184. 



When wu JnDo (fiscovered I WIiati> her ^sUnee Omd the mn t Wfa^ 
■ IIm period of ho rerohitiQii, and what her diumttT % 
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l^eM are termed belts, and are variable, boA in respect l« 
number and appearance. Sometimes seren or right are 
leen, several of which estend quite across liis face, white 
others appear broken, or interrupted. 

These bands, or belts, when the planet is observed through 
a telescope, appear as represented in tig. 184. This appear- 
ance is much the most common, the belts running quite across 
the face of the planet in parallel lines. Sometimes, however, 
his aspect is quite different from this, for in 1780, Dr. Her 
scbel saw the whole disc of Jupiter covered with small curved 
lines, each of which appeared broken, or interrupted, itie 
trhole luving a parallel direcflon across his disc, as in fig. I N'< 
E^. 185. 



Di^rent opinions have been advanced by astronomers re- 
■pecting the cause of these appearances. By some, they have 
been regarded as clouds, or as openings in the atmosphere of 
the planet, while others imagine that they are the marks of 
great natural changes, or revolutions, which are perpetually 
agitating the surface of that planet It is, however, most pro- 
bable, that these appearances are produced by the agency of 
some cause, of which we, on this little earth, must always he 
entirely ignorant. 

Jupiter has four satellites, or moons, two of which are 
aoDDedmes seen with the naked eye. They move round, and 



Wlwt ksaid of FsHu uid Cevtl WhU ia the diAmeter of Jonlerl 
What it biidijtaiKe from the nml Wliat ii the period of Jupiter^ ifiuniil 
nvototiMli What in the aun't hest u>d Qght at Japler, when compared 
widi that of the Mithi For what b JopiteT piiticDlariv dBlingniBhed 1 b 
IbAUMinnceof Ja[tlet>bdlBalwaj«dienme,indaUiey chaDgel What 
ii n£f UT the caim cif Ju^oter's belted aj^iearfince 1 Ho^ munj moona hat 
Jnpiler, and what aie the perinds of thrir rerr^ntkHis 1 
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attend him in his yearij reTolntion^ as the moon does om 
earth. They complete their revolutions at different periods, 
the shortest of which is less than two days, and the longest 
seventeen days. 

These satellites often fall into the shadow of their primary, 
in consequence of which they are ectipsed, as seen u*otn the 
earth. The eclipses of Jupiter's moons have been observed 
with great care by astronomers, because they have been the 
means of determining the exact longitude of places, and die 
velocity with which light moves through space. How longi- 
tude is determined by these eclipses, cannot be explained or 
understood at this place, but the method by wnich they 
become the means of ascertaining the velocity of light, may 
be readily comprehended. An eclipse of one of these satei- 
lites, appears, by calculation, to take place sixteen minutes 
sooner, when the earth is in that part of her orbit nearest to 
Jupiter, than it does when the earth is in that part of her or- 
bit at the greatest distance from him. Hence light is. found 
to be sixteen minutes in crossing the earth's orbit, and as the 
sun is in the centre of this orbit, or nearly so, it must take 
about 8 minutes for the light to come from him to us. Light, 
therefore, passes at the velocity of 95 millions of miles, our 
distance' from the sun, in about 8 minutes, which is i^early 200 
thousand miles in a second. 

Saturiu 

The planet Saturn revolves round the son in a period of 
about 30 of our years, and at the distance from him, of 900 
minions of miles* His diameter is 79,000 miles, making his 
bulk nearly nine hundred times ^ater than that of the earth, 
but notwithstanding this vast size, he revolves oh his aids 
once in about ten hours.. Saturn therefore performs upwards 
of ^,000 diurnal revolutions in one of his years, and hence 
his year consists of more than 25,000 days ; a pariod of time 
equal to more than 10,000 of our days. On account of the 
remote distance of Saturn from the sun, he receives only 
about a 90th part of the heat and light which we enjoy on the 
earth. But to compensate, in some degree, for this vast dis- 
tance from the sun, Saturn has seven moons, which revolve 

What oocaaons the eclipses of Jupiter's moons ? Of what use are these 
eclipses to astronomera t How is tiie Telocity of light ascertained by the 
ecUps^ of Jupiter's satellites 1 What is the time of turn's periodic revofai- 
uon round the suni What is his distance from the son 1 What his diame- 
ter 1 What is the period of his diurnal xevohition 1 How many d&ys make 
a yearatSatunl 
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round him at difiercnl Jl^tanccs, and at various periods, fj-ois 
I to 90 days. 

Saturn is distingiiiahed from ihe otiicr planet* by his ring-, 
fts Jupiter is by his belt. When this planet is viewed througli 
a telescope) he appears surronnded by an immense luminous 
circle, which is represented by fig. 186. 

Rg.186. There are in- 

I deed two luminous 
circlee, or rings, 
one within the 
other, with a dark 
space between 
mem, so that they 
do not appear to 
touch esch other. 
Neither does the 
inner ring touch the body of theplanet, there being, by eStima- 
tion, about the distance of 30,000 miles between them. The 
external circumference of the outer ring is 640,000 mites, and 
its breadth from the outer to the inner circumference, 7,300 
miles, or nearly the diameter of our earth. The dark space, 
between the two rin^ or the interval between the inner, uid 
outer ring, is 2800 miles. 

This immense appendage revolves round the aun with the 
planet, — performs dailv revcdntions with it, and according to 
Dr. Herschel, is a solid substance, equal in density to the ^dy 
of the planet itsel£ 

The design of Saturn's ring, an appendage so vast, and so 
different from any thinr presented by the odier planets, has 
always been a matter of speculation and inquiry among astron- 
omers. One of its most obvious uses appears to be that of 
reflecting the light of the sun on the body of the plane^ and 
possibly it may reflect the heat also, so as in some degree to 
soften the rizour of so inhiMpitable a climate. 

As this pbnet revolves around the san, one of its sides is 
nominated during one half of the rear, and the other side 
(luring the other halfrso that, as Saturn's year Is equal to 
thirty of our years, one of his sides wiU be enlightened and 
darkened, alternately, every fifteen years, as the poles of our 
earth are alternately in the light and dark every year, 

Hon aany laooat has Satnm 1 How is Saturn particuliiHj dtriiiiguiihed 
fnHn aQ tbe othrr planets f What distance is Iheie between the bodj of 
Sntura and his inner ring 1 Whut Jistance ii Ibcic between Ui inner Mid 
outer Hag 1 Whit ii the clicum&ience of the outer ring 1 
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ig. 187 represents Sal 
Bs seen by an eye pl& 
Bl right angles to the 
e of his ring. When 
: from the earth, his 
tion is always oblique, 
epresented by fig. 186. 
he inner whit« circle, 
esents the body of the 
let, cnlish tenet! by the 
The Sstk circle next 
lis, it (he woenlightened 
•,e between the body ul 
phuiet and the inner 
, beinff the dark ex- 
ic of the heavens be- 
les are the rings of the 

Slaaet, with the dark space between them, which also is the 
■rk expanse of the heavens. 

Hersckel. 
In consequence of some inequalities in the motions of Ju ■ 
. piter and Saturn, in their orbitE^, several BHtronomers had sus- 
pected (hat there existed another planet beyond the orbit of 
Batum, by whose attractive influence these irregularities were 
produced. This conjecture was confirmed by Dr. Herschel, 
in 1781, who in that year discovered the planet, which is now 
generally known by the name of its discoverer, though colled 
by him Georgium, sidus. The orbit of Herschel is beyond 
that of Saturn, and at the distance of 1800 millions of miles 
fron the sun. To the naked eye this planet appears like a 
sUr of the sixth magnitude, being, with the eyceplion of some 
of. Ui* comets, the most remote body, so far as is known, in 
tK solar system. 

Herschel completer his revolution round the sun in nearly 
84 of our years, moving in his orlst at tiie rate of 15,000 miles 
in an hour. His diameter ia 36,000 miles, so that his bulk is 
ab'jut eighty times that of the earth. The light and heat of 

How long ii one of Sstum'i Met altematelT in the liofat and dark f In 
what poaidrin k Satum repreaenled bj fig. 167^ What drcamataneo leit to 
the discover; of Heiwhd t In what year, and by whom, was Henchel diaco- 
Tvnd 1 Wlut b the diirtance of Henchel from the aun t In what period ia 
hk rerolutiiHi round the nin perfinned 1 What ia the diuneterof liendHil 
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% t 8iin at H^rschel is about 360 times less than it is at the 
earth, and yet it bas been found by calculation, that this li^I^t 
is equal to 248 of our full moons, a striking proof of the m- 
conceivable quantity of light emitted by the sun^ 

Tliis planet has six satellites, which revolve round him at 
various distsChces, and in different times. The periods Qf 
some of these have been ascertained, while those of the others 

remain unknown. 

FSg.l8& 




Having now given a short account of each planet composing 
the solar system, the relative situation of their several orbits, with 
the exception of those of the Asteroids, are shown by fig. 189. 

In the figure^ the orbits are marked by the signs of each 

What 10 the quantity of light aiid heat at Hencbel, when oomparad 
wiUi that of the earth 1 

19» 
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planet* of which the first, or that nearest the snn, is M^rcmy, 
the next Venus, the third the Earth, the fourth Man ; then 
come those of the Asteroids, then Jupiter, then Saturn, and 
Ini^y HerscheL 
The comparatiye dimensions of the phmets are delinealed 

at Ag. 189. 

Fig. 189. 




^*^ O oof ysmuta 

Motions of the Planets. 

It is said that when Sir Isaac Newton was near demonntra- 
ting the great truth, that gravity is the cause which keeps 
the heavenly bodies in their orbits, he became so agitated with 
the thou<rhts of the magnitude and consequences of his disco- 
very, as to be unable to proceed with his demonstrations, and 
desired a friend to finish what the intensity of his feelings 
would not allow him to complete. 

We have seen, in a former part of this work, that all undis- 
turbed motion is straight forward, and that a body projected 
into open space, would continue, perpetuallv, to move in a 
right line, unless retarded or drawn out of this course by 
some external cause. 

To account for the motions of the planets in their orbits, 
we will suppose that the earth, at the time of its creation, was 
thrown by the hand of the Creator into open sj ^e, the sun 
having been before created and fixed in his present place. 

ITnaer Compound Motion, it has been shown, that when a 
boitv is acted on by two forces perpendicular to each other, 
its molkm will be in a diagonal- luie betwe^i the directioB of 
tiw two lovoaa* 
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Fig. 190. But we will asain here sup- 

pose tkat a ball DC moving \ti 
the Ihie m x, fig. 190, witn a 
ffiven force, and that ano titer 
force half as great should strike 
it in the direction of n, the 
ball would ihen describe the 
diagonal of a parallelogram, 
whose length would be just equal to twice its breadth, and 
the line of the ball would be straight, because it would obey 
the impulse and direction of these two forces only. 

Fig. 191._ Now let a, fig. 191, re- 

present the earth, and S 
the sun ; and suppose the 
earth to be moving for- 
ward, in the line from a to 
&, and to hare arrived at 
a, with a velocity sufficient, 
m a given time, and with- 
out disturbance, to have 
carried it to b. But at the 
point Oj the sun S acts upon 
the earth with his attractive 
power, and with a force 
which would draw it to c, 
in the same space of time that it would otherwise have gone 
to 5. Then the earth, instead of passing to b, in a straight 
line, would be drawn down to d, the diagohal of the paralle- 
logram a, ft, d, c. The line of direction, in fig. 190, is straight, 
becausjB the body moved obeys only the direction of the two 
forces, but it is curved firom atod, fig. 191, in consequence of 
the continued force of the sun's attraction, which produces a 
constant deviation from a right line. 

When the earth arrives at d, still retaining its projectile or 
eentrifugal force, its line of direction would be towards n, 
but while it would pass along to n without disturbance, the 
attracting force of me sun is again sufficient to bring it to Cf 




Suppose a body to be acted on by two foices perpendicular to each otiier, 
in wnat direction wUl it moveT Why does the ball, fig. 190, move in a 
itraieht fine 1 Why does the eartih, iSg. 191, 0»»^re in a curved lixie ? Explain 
ig. 191, and aLow bow iSbe two feices adt to produce a circiilar fine of 
moiaoo. 
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in a bifftighi line, so that, in obedience to the two iiaQpidcries, it 
again describes the curve to o. 

It must be remembered, in order to account for the dreolar 
motions of the planets, that the attractive force of the sun is 
not exerted at once, or b^ a single impulse, as is the case with 
the cross forces, producmg a straight line, but that this force 
is imparted by deg^rees, and is« constant It therefore acts 
equallv on the earth, in all parts of the course from a to d, and 
from a too. From o, die earth having the same impulses as 
before, it moves in the same curved or circular direction, and 
thus its motion is continued perpetually. 

The tendency of the earth to move forward in. a straight 
line, is caUed the centrifugal force^ and the attraction of Uie 
sun, by which it is drawn downwards, or towards a centre, is 
called iXs centripetal force, and it is by these two forces that 
the planets are made to perform their constant revolutions 
around the sun< 

In the above explanation, it has been supposed that the 
8un*s attraction, which constitutes the earth's gravity, was at 
all times equal, or that the -earth was at an equal distance from 
the sun, in all parts of its orbit But, as heretofore explained,- 
the orbits of all the planets are elliptical, the sun being placed 
— --^ in the lower focus of the 

eclipse. The sun's attrac- 
tion is, therefore, strongei 
i^ some parts of their or- 
bits than in others, and for 
this reason their veloiiities 
are greater at some periods 
of their revolutions than at 
others. 

To make this undep> 
tftood, suppose, as before, 
that the centrifugal and 
centripetal forces so bal^ 
ance each other, that the 
earth moves round the cir- 
cular orbit a e hi fig. 1SK% 




Wbat is the proieetile totot of the earth caUed 1 What is the attnctiw 
finroe of the sun, WDich draws the earth towaids him, called % EhEplain fig. 
19% ajMl show Uie reason why the velodtj is increased from ctod. and whv 
it Is aol ntaidBd ftom d tQ ^. 



asTroxomt. 2S5 

antil it comes to the point e ; and at this point, let us suppose, that 
the graritating force is too strong for tne force of projection* sO 
that the earth, instead of continuing its former direction towards 
&, is attracted by the sun s, in the curre e c. When at c, the line 
of the earth's projectile force, instead of tending to carry it further 
^om the sun, as would be the case, were it revm ving in a circular 
orbit, now tends to draw it still nearer to him, so that at this 
point, it is impelled by both forces towards the sun. From c, 
therefore, the force of gravity increasing in proportion as the 
square of the distance oetween the sun and earth diminishes, 
the velocity of the earth will be uniformly accelerated, until 
it arrives at the point nearest the sun, d. At this part of its 
orbit, the earth wiU have gained, by its increased velocity, so 
much centrifugal forc«, as to give it a tendency to overcome 
the sun's attraction, and to fly off in the line d o. But the 
sun^s attraction being also increased by the near approach of 
the earth, the earth is retained in its orbit, notwitnstanding 
its increased centrifugal force, and it therefore passes through 
the opposite part of its orbit, firom dtogj at the, same distance 
from mm that it approached. As the earth passes from tiie 
son, the force of gravity tends continuany to retard its motion, 
as it did to increase it while approaching him. But the velocity 
it had acquired in approaching the sun, gives it the same rate 
of motion from d to g-^ that it had from c io d. From ^, the 
earth's motion is uniformly retarded, until it again arrives ate, 
the point frt>m which it commenced, and from whence it de- 
fMnibes the same orbit, by virtue of the same forces, as before. 

The earth, therefore, in its journey round the sun, moves at 
very unequal velocities, sometimes being retarded, and then 
agam accelerated by tiie sun's attraction. 

It is an interesting circumstance, respecting the motions of 
the planets, that if me contents of their orbits be divided into 
■mequal triangles, the acute angles of which centre at the sun, 
witti the line of the orbit for their bases, the centre of the 
planet will pass through each of these bases in equal times. 

This wUl be understood by fig. 193, the elliptical circle be- 
ing supposed to be the earth's orbit, with the sun «, in one ot 
the foci. 

Now the spaces 1, % 3, &c. though of different shapes, are 
of the same dimensions, or contain the same quantity of sur 
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Fig. 193. fiice. The earth, we have 

already seen, in its joumc^y 
round the sun, describes an 
ellipse, and moves more ra- 
pidly in one part of its orbit 
than in another. But what- 
ever may be its actual vel€>- 
city, its comparative motion 
is Uirough equal areas in 
equal times. Thus its cen- 
tre passes from E to C, and 
from C to A, in the same pe- 
riod of time, and so of all 
the other divisions marked 
in the figure. If the figure, 
therefore, be considered tne 

Slane of. the earth's orbit, 
ivided in 12 eaual areas, 
answerinff to the 12 months of the year, the eartn will pass 
through me same areas in every month, but the spaces through 
which it passes wiU be increased, during every month, for one 
half the year, and diminished, during every month, for the 
other hair. 

The reason why the planets, when thev approach near the 
aun, do not fall to him, m consequence of his mcreased attrac- 
tion, and why they do not fly on into open space, when they 
recede to ihe greatest distance from mm, may be thus ea 
plained. 

Taking the earth as an example, we have shown, that when 
in the part of her orbit nearest the sun, her velocity is greatly 
mcreased by his attraction, and that consequently the earth'a 
centrifugal force is increased in proportion. As an illustra- 
tion of this, we know that a threaa which will sustain an 
ounce ball when whirled round in the air, at the rate of 50 
revolutions in a minute, would be broken, were these revolu- 
tions increased to the number of 60 or 70 in a minute, and 
that the ball would then fly off in a straight line. This shows 
that when the motion of a revolving body is increased, its cen- 

How is it shown, that if the motion of a revolvinff body is iDcreased, its 
projectile force is also increased 1 By what force b the earth's velocity in- 
creased, as it approaches the sun ? When the earth is nearest the sun, 'why 
does it not fall to lum ? When the earth's oentiifhgal fiyroe is greatest, what 
prevents its flying to the sun ? 



Irifiijga] toTce b also increased. Now, the velocity of the 
eurtn increases in an inverse proportion, as its distance from 
the sun diminishes, and in proportion to the increase of veloci- 
ty is its centrifugal force increased ; so that, in any other part 
of its orbit, except when nearest the sun, this increase oi 
velocity would carry the earth away from its centre of attrac- 
tion. But this increase of the earth's velocity is caused by 
its near approach to the sun, and consequently the sun's at- 
traction is increased, as well as the earth's velocity. In other 
terms, when the centrifugal force is increased, the centripetal 
force is increased in proportion, and thus while the centrifu- 
gal force prevents the earth from falling to the sun, the cen- 
tripetal force prevents it from moving off in a straight line. 
When the earth is in that part of its orbit most distant from 
the Qun, its projectile velocity being retarded by the counter 
force of the sun's attraction, becomes greatly diminished, and 
then the centripetal force becomes stronger than the centrifu- 
gal, and the earth is again brought back by the sun's attrac- 
tion, as before, and in this manner its motion goes on without 
'teasing. It is supposed, as the planets move through spaces 
void of resistance, that their centrifugal forces remain the 
same as when they first emanated from the hand of the Crea- 
tor, and that this force, mthout the influence of the sun's at- 
traction, would carry them forward into infinite space. 

The Earth. 

It is almost universally believed, at the present day, thai 
the apparent daily motion of the heavenly bodies from east to 
west, is caused by the real motion of the earth from west to 
east, and yet there are comparatively few who have examined 
the evidence on which this belief is founded. For this rea- 
son, we will here state the most obvious, and to a common 
observer, the most convincing proofs of the earth's revolution, 
rhese are, first, the inconceivable velocity of the heavenly 
bodies, and particidarly the fixed stars around the earth, if she 
stands stiU. Second, the fact, that all astronomers of the 
present age agree that every phenomenon which the heavens 
present, can be best accounted for, bv supposing the earth to 
revolve. Third, the analogy to be orawn from many of the 
other planets, which are known to revolve on their axes ; and 
fourtih, the different lengths of days and nights at the different 

What are the most obnoos and oonvinciQg pnoofii that the earth revolma 
on ita axial 
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pkaets, for did the sun revolve about the solar system^ the 
days and nights at many of the planets must be of similar 
lengths. 

The distance of the sun from the earth being 95 milli<His 
of miles, the diameter of the earth's orbit is twice its distance 
from the sun, and, therefore, 190 millions of miles. Now, the 
diameter of the earth's orbit, when seen from the nearest fixed 
star, is a mere point, and were the orbit a solid mass of 
opaque matter, it could not be seen, with such eyes as ours, 
from such a distance; This is known by the fact, that these 
stars appear no larger to us, even when our sight is assisted 
by the oest telescopes, when the earth is in that part of her 
orbit nearest them, than when at the greatest distance, or in 
the opposite part of her orbit. The approach, therefore, of 
190 millions of miles towards the fixed stars, is so small a 
part of their whole distance firom us, that it makes no per- 
ceptible difierence in their appearance. Now, if the earth 
does not turn on her axis once in 24 hours, these fixed stars 
must revolve around the earth at this amazing distance once 
in 24 hours. If the sun passes around the earth in 21 hours, 
he must travel at the rate of nearly 400,000 miles in a minute ; 
but the fixed stars are at least 400,000 times as far beyond 
the sun, as the sun is from us, and, therefore, if they revolve 
around the earth, must go at the rate of 400,000 times 400,- 
000 miles, that is, at the rate of 160,000,000,000, or 160 bil- 
lions of miles in a minute ; a velocity of which we can have 
no more conception than of infinity or eternity. 

In respect to the analo^v to be drawn*from the known revo- 
lutions of the other planets, and the difierent lengths of days 
and nights among them, it is sufficient to state, that to the in' 
habitants of Jupiter, the heavens appear to make a revolution 
in about 10 hours, while to those of Venus, they appear to 
revolve once in 23 hours, and to the inhabitants of tne other 
planets a similar difference seems to take place, depend- 
ing on the periods of their diurnal revolutions. Now, 
there is no more reason to suppose that the heavens revolve 

Were the earth's orbit a solid mass, could it be seen by us, at the distance 
of the fixed stars 1 Suppose the earth stood still, how fast must the sun 
move to go round it in 24 hours 1 At what rate must the fixed stars move 
to 00 round the^ earth in 24 hours 1 If the heavens appear to rcvdve every 
IQ Doors at Jupiter, and every 24 hours at the earth, how can this dififercnoe 
be aoeoonted for, if they revolve at all ? Is there any more reason to believe 
tlMl the sun revolves round the earth, than roond any of the otiier planets 1 
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tound Hi, than there w to suppose that ihey reyolre around 
toy of the other planets, since the same apparent revolution 
is conunon to them all, and as we know that the other planets, 
at least many of them, turn on their axes, and as all the phe- 
nomena presented by the earth, can be accounted for by such 
^ reyolution, it is folly to conclude otherwise. 

Circles and Divisions of the EartJu 

It will be necessary for the pupil to retain in his memory 
the names and directions of the following lines, or circles, by 
which the earth is divided into parts. These lines, it must 
be understood, are entirely imaginary, there beinffno such 
divisions marked by nature on the earth's surface. They are, 
however, so necessary, that no accurate description of the 
earth, or of its position vrith respect to the heavenly bodies, 
can be conveyed without them. 

^'^94, The earth, whose 

diameter is 7912 miles, 
is represented by the 
globe, or sphere, fig. 
194. The straight line 
passing thro' its centre, 
and aoout which it 
turns, is called its axis, 
and the two extremities 
of the axis are the poles 
of the earth, A beinff 
the north pole, and S 
the south pole. The 
line C D, crossing the 
axis, passes quite round 
the earth, and divider 
it into two equal parts. 
Thift is called the equinoctial line, or the equator. That part 
of the earth, situated north of this line, is called the northern 
hemisphere^ and that part south of it, the sotUhern hemisphere. 
The small circles £ F, and G H, surrounding or including 
the poles, are called the polar circles. That surrounding the 
norto pole is called the arctic drcle, and that surrounding the 

How can all the phenomena of the heavens be aeooonted for, if thev do 
not levohel What is the axis of the eaithl What are the polea of the 
earth 7^ What is the equator? Where are the msthem and lOiiUina hernia 
phraet What an the polar didee 1 

20 
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floath, tfaa anlartie drch. Between these ciieles, Aeve w> 
on each ade of the equator another drde, which marks the 
extent of the tropics towards the north and south, from the 
equator. That to the north of the equator, I K, is called the 
tropic of Cancer^ and that to the south, L M, the tropic of 
Capricorn. The circle L K, extending obliquely across th^ 
two tropics, and crossing the axis of the earth, and the equa- 
tor at tneir point of intersection, is called the eclivtic. This 
eirde, as already explained, belongs rather to tne heavens 
than the earth, being an imaginary extension of the plane of 
the earth's orbit in every direction towards the stars. The 
line in the figure, shows the comparative position or direction 
of the cdiptic in respect to the equator, and the axis of the 
earth. 

The hues crossing those already described, and meeting at 
the poles of the earth, are called meridian lineSj or midday 
lines, for when th^ sun is on the meridian of a place, it is 
the middle of the day at that place, and as these lines extend 
from north to south, the sun shines on the whole length of 
each| at the same time^ so that it is 12 o'clock, at the same 
time, on every place situated on the same meridian. 

The spaces on the earOi, between the lines extending from 
east to west, are called zone&. That which lies between the 
tropica, from M lo K, and from I to L, is called the torrid zone^ 
beCTnaa it comprehends the hottest portion of the earth. The 
ipttoes which extend frt>m the tropics, north and south, to the 
polar circles, are called temperate zones^ because the climates 
«« tfiupcnte, and neither scorched with the heat, like the 
Qnpies, Bor chilled with the cold, tike the frigid zones. That 
^5mg noith of the tropic of Cancer, is called the north tempe- 
9^aie AMie, and that south of the tropic of Capricorn, the south 
iM^MBTtsJe jsoMC The spaces included within die polar dxeles, 
are called the frigid zones. The lines which divide ^e globe 
iaio two equal parts, are called the ^eat circles; these are the 
cdiptic and the eouator. Those ^viding the ea^ into small- 
tnr parts are callea the lesser circles ; these are the lines divi- 
4iiif the tropics from the temperate zones, and the temperate 
frtxn the frigid zones, dtc 



WIMIidwareCfe, and which the antarctic dicfel Where k thetnnfe 
^ <>eMW, aiid where the tropk of Ci^viooni 1 What fe the eoiqplict 
>|0tat «» ^ iMoUian inea 1 Cta what part of the eeith 19 the toirid aoiw 
Itwrvi^^iwMhaiidwadileiimeraleMmeaboiuicled? WheveaietheflMI 
ft WIM ua llM fie^, end which the le«« ciidee of thf W9|h I 
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The ecliptic, we have alreadt seen, is divided iirto 300 
equal parts, caBed degreesi. Ail circles, however large or 
small, are' divided into de^eeSf minutes, and seconds, in the 
same manner as the ecliptic. 

The horizon is distinguislied into the sensible and rationdL 
The sensible horizon is that portion of the suriace of die 
earth which bounds our vision, or the circle around us, where 
the sky seems to meet the earth. When, the sun rises, he 
appears above the sensible horizon, and when he sets, he sinks 
below it The rational horizon is an imaginary line passing 
through the centre of the earth, and dividing it into two equal 
parts. 

The axis of the ecliptic is an imaginary line passing through 
its centre and perpendicular to its plane. The extremities of 
this perpendicular line, are called me poles of the ecliptic. 

If the ecliptic, or great plane of the earth's orbit, be con* 
sidered on the horizon, or parallel with it, and the line of tibe 
earth's axis be inclined to the axis of this plane, or the axis or 
the ecliptic, at an anj^le of 23i degrees, it will represent the 
relative positions of the orbit, and the axis of the earth. 
These positions are, however, merely relative, for if the posi- 
tion ot the earth's axis be represented perpendicular to the 
equator, as A B, hg» 194, then the ecliptic will cross this plane 
obliquely, as in that figure. But when the earth's orbit is 
considered as having no in<5lination, its axis, of course, will 
have an inclination, to the axis of the ecliptic, of 23i degrees. 

As the orbits of all the other planets are inclined to the 
ecliptic, perhaps it is the most natural and convenient method 
to consicler this as a horizontal plane,*\vith the equator inclin- 
ed to it, instead of considering the equator on the plane of 
the horizon, as is sometimes done. 

The inclination of the earth's axis to the axis of its orbit 
never varies, but always makes an angle with it of 23ft d«/- 
grees, as it moves round the sun. The axis of the earth is 
flierefore always parallel with itself. That is, if a line be 
drawn through the centre of the earth, in the direction of its 
axis, and extended north and south, beyond the earth's diame- 

How are circles divided 1 How is the sensible horizon distinguished fjcom 
the rationaJ 1 What is the axis of the ecliptic 1 What are the poles of the 
ucfiptic 1 How many degrees is the axis or the earth incIiAed to that of the 
ecliptic 1 What- is said concerning the relative portions of the earth's azli 
and the plane of the ecliptic 1 Are the orbits of the other planets pfi.i«Oel to 
the earth's orbit, or inclined to it 1 What is meant by the earth's axis bein^ 
parallel to itself 1 
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i«r» dKa Hue so produced will alw«]ni be paraUei to the same 
line, or any number of linesy so dnwn, when the earth is in 
diflerent parts of its orbit 

Suppose a rod to be fixed into the flat surface of a table, and 
so inchned as to make an anffle with a perpendicular from the 
table of fS3k degrees. Let this rod represent the axb of the 
earth* and the surface of the table, the ecliptic. Now place on 
the table a lamp, and round the lamp hold a wire circle three or 
four feet in diameter, so that it shall be parallel with the plane 
of the table, and as high above it as the flame of the tamp. 
HaTinff prepared a small terrestrial globe, by passing a wire 
throuni it for an axis, and letting it project a few inches each 
way, for the poles, take hold of the north pole, and carry it 
round the circle, with the poles constantly parallel to the rod 
rising above the table. The rod being inclined 23i degrees 
from a perpendicular, the poles and axis will be inclined in 
the same degree, and thus the axis of the earth will be inclined 
to that of the ecliptic every where in the same degree, and 
lines drawn in the direction of the earth's axis will be parallel 
to each other in any part of its orbit. 




This will be understood by &g. 195, where it wiU be seen. 



How does it appear by Bs. 195, that the axis of the earth b parallel to 
itself, in all parts of its orbit 1 How tie the annual and dioina] revolutiona 
of the earth illustrateJ by %. 195 ? 



tlkt iiie poles of the eairth, in the severai positionlB of A, B« C| 
aild D» being equally inclined, are parallel to each other. 
Supposinff the lamp to represent the sun, and the wire circle' 
the earth^s orbit, the actual position of the earth, during its 
annual revolution around the sun, will be comprehended : and 
if the fflQbe be turned on its axis, while passing round the 
lamp, the diurnal or daily revolution of tiie earth will also be 
represented. 

Day and' Night, 

Were the direction of the earth's axis perpendicular to th^ 
plane of its orbit, the days and nights would be of equal length 
all the year, for then just one half of the earth, from pole t« 
pole, would be enlightened, and at the same time the other 
naif would be in darkness. 

^ Fig. 196. 





Suppose the line sr o, fig. 196, from the sun to the earth, to 
be the plane of the earth's orbit, and that n s, is the axis of 
the earth perpendicular to^ it, then it is obvious, that exactly 
the same points on the earth would constantly pass through 
the alternate vicissitudes of day and night ; for all who live on 
€he meridian line between n and «, which line crosses the 
equator at o, would see the sun at the same time» and conse** 
quently, as the earth revolves, would pass into the dark hemi* 
sphere at the same time. Hence in all parts of the globe, the 
days and nights would be of equal length, at any given place. 

Now it is the inclination of the earth's axis, as above de- 
scribed, which causes the lengths of the days and nights to 
differ at the same place at different seasons of the year, for on 
reviewing the position of the globe at A, fig. 195, it will be 
observed, Uiat the line formed by the enlightened and da^ 



Explain, by fig. 196, why the dajs and niffhts would every where be equal, 
weie the axis of the earth perpendicular to uie plane of his orbit. What k 
the cause of the uneqvud lengths otthe days and nights in different parts of 
the world 1 
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heorispliefMy does not coincide with die line of the axis and 
polest aa in fig. 100« but that the line fonned by the darkneaa 
and the light* extends obliquely across the line of the earth's 
axis, so tMt the north pole is in the Uffht, while the south is in 
the dark. In the position A, therefore, an observer at the 
north pole would see the sun constantly, while another at the 
south pole, would not see it at alL Hence those living in the 
north temperate zone, at the season of the year when the 
earth is at A, or in the summer, would have long days and 
short nights, in proportion as they approached the polar circle; 
while those who live in the south temperate zone, at the same 
time, and when it would be winter there, would have !oDg 
nights and short days in the same proportion. 

Seasons of the year. 
The vicissitudes of the seasons are caused by the annual 
revolution of the earth around the sun, together with the in- 
clination of its axis to the plane of its orbit. 

It has already been explained, that the ecliptic is the plane 
of the earth's orbit, and is supposed to be placed on a level 
with the earth's horizon, and hence, that this plane is con- 
sidered the standard, bv which the inclination of the lines 
crossing the earth, and the obliquity of the orbits of the other 
planets, are to be estimated. 

The equinoctial line, or the great circle passing round the 
middle of the earth, is inclined to the ecliptic, as well as the 
line of the earth's _axis, and hence in passing round the sun, 

the equinoctial line 
intersects, or cros- 
ses the ecliptic, in 
two places, opposite 
to each other. 

Suppose a 5, ^g» 
197, to be the eclip- 
tic, e/, the equator, 
and c (2, the earth's 
axis. The ecliptic 
and equator - are 
supposed to be seen 
edgewise, so as to 
appear like lines 

n 

What are the cansea which produce the seaaona of the year 1 In what 
poaitioD ia the equator, with zeapect to the ecliptic % 
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instead of circles. Now it will be understood by the figure that 
tue inclination of the equator to the ecliptic, (or the sun's a]H 

Earent annual patli through the heavens,) will cause these 
nes, namely, the line of the equator and the line of the eclip- 
tic, to cut, or cross each other, as the sun makes his appa« 
rent annual revolution, and that this intercession will happen 
twice in the year, when the eartn is in the two opposite 
points of her orbit. 

These periods are on the '21st of March, and the 21st of 
September, in each year, and the points at which the sun is 
seen at these times, are called the equinoctial points. That 
which happens in September is called the autumnal equinox, 
and that wnich happens in March, the vernal equinox. At 
these seasons, the sun rises at 6 o'clock and sets at 6 o'clock, 
and the days and nights are equal in length in every part of 
the fflobe. 

The solstices are the points where the ecliptic and the 
equator are at the greatest distance from each other. The 
earth, in its yearly revolution, passes through each of these 
points. One is called the summer^ and the other the winter 
solstice. The sun is said to enter the summer solstice on the 
21st of June ; and at this time, in our hemisphere, the days 
are longest, and the nights shortest On the 21st of Decem- 
ber he enters his winter solstice, when the length of the days 
and nights are reversed from what they were in June before, 
the days being shortest and the nights longest. 

Having learned these explanations, the student will be able 
to understand in what order the seasons succeed each other, 
and the reason why such changes are the effect of the earth's 
revolution. 

Suppose the earth, fiff. 198, to be in her summer solstice, 
which takes place on the 21st of June. At this period she 
will be at a, having her north pole, n^ so inclined towards the 
sun, that the whole arctic circle will be illuminated, and con- 
sequently the sun's rays will extend 23i degrees, the breadth 
of the polar circles, beyond the north pole. Tlie diurnal revo- 

At what times in the year do the line of the ecliptic and that of the equi- 
nox intersect each <4her 1 What are th&se points of intersection cailrd 1 
Which is the autumnal and which the vernal eqidnox 1 At what time d')ptt 
the sun rise and set, when he is in the equinoxes ? What are the solstices ? 
When the sun enters the summer solstice, what Is said of the length of the 
days and nights 1 YThen does the sun enter the winter solstice, aiul what is 
the proportion between the length of the day and nighty 1 
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lutioQ, (berefore, when the earth is at a, causes no sncceb^ioit 
of day and nifht at the pole, suice the whole frigid zone if 
vrithin reach of his rays. The people who live within the 
arctic circle, will consequently, at this time, enjoy perpetnal 
day. During this period, just the same proportion of i^e 
earth that is enlightened in the northern hemisphere, will be 
in total darkness in the opposite rerion of the southern hemi- 
sphere ; so that while the people of the north are blessed with 
perpetual day, those of the south are groping in perpetual 
nignt. Those who live near the arctic circle in the north 
temperate zone, will, during the winter, come, for a few hours, 
within the region of night, by the earth's diurnal revolution ; 
and the greater the distance from the circle, the longer will 
be their nights, and the shorter their days. Hence, at this 
season, the days will be longer than the nights every where 
between the equator and the arctic circle. kX the equator, 
the days and nights will be equal, and between the equator 
and the south polar circle, the nights will be longer than the 
days, in the same proportion as the days are longer than the 
nights, from the equator to the arctic circle. 

At wliat season of the yrar is the whole arctic circle illrnnjnatfld 1 At 
what season is the whole antarctic circle in the darki While the people 
near the north pole enjoy perpetual day, what is the situafion of those near 
the south pole 1 At wiiat season will the days be longer than the lights 
every where between the equator and the arctic ctrclel At what wemsm. will 
the rngfato te longer than the days in the soothem henijqdwn 1 



Am fte euih moves roand the dun, the Ime which divides 
flie darkness, and the lis^ht, gradually approaches the poles, 
till having performed one quarter of her yearly journey from 
the point a, she comes to 6, about the 2l8t of September. At 
this time, the boundary of liffht and darkness passes throui^i'h 
the poles, dividing the earth equally from east to west ; 
and tiius in every part of the wortd the days and nights are of 
equal length, the sun being 12 hours alternately above and 
below the horizon. In this position of the eartn, the sun is 
laid to be in the autumnal equinox. 

In the progress of the earth«from&toc, the light of the sun 
-gradually reaches a little more of the antartic circle. The 
lays, therefore, in the northern hemisphere, grow shorter at 
every diurnal revolution, until the 21st of December, when 
the whole arctic circle is involved in total darkness. And 
now, tho same places which enjoyed constant day in the June 
before, are involved in perpetual night. At tnis time, the 
sun, to those who live in the northern hemisphere, is said to 
be in his winter solstice ; and then the winter nights are just 
as long as were the summer days, and the winter days as long 
as the summer nights. 

When the earth has gone another quarter of her annual 
[oumey, and has come to the point of her orbit opposite to 
where she was on the 21st of September, which happens on 
the 21st of March, the line dividing the light from tne dark- 
ness again passes through both poles. In this position of the 
earth with respect to the sun, the days and nights are again 
equal all over tne world, and the sun is said to be in his vernal 
equinox. 

From the vernal equinox, as the earth advances, the north- 
em hemisphere enjoys more and more light, while the southern 
lalls into the region of darkness, in proportion, so that the 
days north of the equator increase in length, until the 21st of 
June, at which time, the sun is asain longest above the hori- 
zon, and the shortest time below it. 

Thus the apparent motion of the sun, frpm east to west, is 
caused by the real motion of the earth from west to east. If 

When win the days and nights be equal in all parts of the eaith 1 At 
what season of the year is the whole arctic circle involved in darkness 1 
When are the da^ and ni^ts equal all over the world 1 When is the sun 
n the vernal equinox 1 What is the cause of the apparent motion of the 
mn firom east to west 1 What is the apparent path of the sun, but the real 
path of the earth? 
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die earth U iu any point of its orbit, the mm wfH alwiiys elsein 
hi the oppesite point in the heavens. When the earth moves 
one degree to the west, the sun seems to move 4he same dis- 
tance to the east ; and when the earth has completed one i«- 
vohition in its orbit, the son appears to have completed a re- 
volution through the heavens. Hence, it follows, that the 
ediptic, or the apparent path of the sun through the heavens, 
?« the real path of the earth round the Bun. 

ft will be observed by a careful perusal of the above expla- 
nation of the seasons, and a close mspection of the figure by 
which it is illustrated, that the sun constantly shines on a 
portion of the earth equal to 00 degrees north, and 90 degrees 
south firom his place in the heavens, and consequently, &at 
he always enligntens 180 degrees, or one half of the earth. 
If, therefore, the axis of the earth were perpendicular to the 
l^iane of its orbit, the days and nights would every where be 
equal, for as the earth performs its diurnal revolutions, there 
would be 12 hours day, and 12 hours night But since the 
indioation of its axis is 23| degrees, the light of* the snn is 
thrown 23ft demes beyond tho north pole ; that is, it enlight- 
ens the earth 231 degrees further in that direction, when ^e 
north pole is turned towards the sun, than it would, had the 
earth^s axis no inclination. Now, as the sun's li^ht reaches 
only 00 degrees north or south of his place in the heavens, so 
when the arctic circle is enlightened, the ' antartic circle 
must be in the dark ; for if the kght reaches 23i degrees be- 
yond the north pole, it must fall 2^ degrees short of the south 
pole. ' 

As the earth travels round the sun, in his yearly circuit, 
this inclination of the poles is alternately towards, and from 
him. During our winter, the north polar region is thrown 
beyond the rays of the sun, while a corresponding portion 
around the south pole enjoys the sun's light And thus at 
the poles there are alternately six months of darkness and win- 
ter, and six months of sunshine and summer. While we, in 
the northern hemisphere, are chilled by the' cold blasts of 
winter, the inhabitants of the southehi hemisphere are enjoy- 
ing all the delights of summer ; and while we are scorched 

lim] the earth's axis no inclination, why would the days and nights 
nlways be equal 1 How many decrees does tne sim's light reach, north and 
Fouth of him, on the earth ? Durmg our winter, is the north |)ole turned to, 
ur from the sun ? At the poles, how many days and nights are thei^ in tlie 
yoM 1 When it is winter m the northern baziispbere, what is the season in 
Uie aauthem hemisphere 1 
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by the rays of a vortical sun in June and July, our southern 
neiffhbors are shivering with the rigors of raid-winter. 

At the equator, no such changes take place. The rays of 
the suui as the earth passed around hinij are vertical twice a 
year at every place between the tropics. Hence, at the equa* 
tor, there are two summers and no winter, and as the sun 
there constantly shines on the same half of the earth in suc- 
cession, the days and nights are always equal, there being 12 
hours of light, and 12 of darkness. 

Motion of the Earth. — ^The motion of the earth round the 
sun, is at the rate of 68,000 miles in an hour, while its motion 
on its own axis,' at the equator, is at the rate of about 1042 
mOes in the hour. The equator, being that part of the earth 
most distant from its axis, the motion there is more rapid 
than towards the poles» in proportion to its greater distance 
from the axis of motion. See fig. 16. 

The method of ascertaining the velocity of the earth's mo- 
tion, both in its orbit and round its axis, is simple, and easily 
und^stood ; for by knowing the diameter of the earth's or- 
bit, its circumference is readily found, and as we know how 
long it takes the earth to perform her yearly circuit, we have 
only to calculate what part of her journey she goes through in 
an hour. By the same principle, the hourly rotation of the 
earth is as readily ascertained* 

We are insensible to these motions, because not only tiie 
earth but the atmosphere, and all terrestrial things, partake of 
the same motion, and there is no change in the relation of 
objects in consequence of it. If we look out at the window 
of a steam-boat, when it is in motion, the boat will seem to 
stand still, while the trees and rocks on the shore appear to 
pass rapidly by us. This deception arises from our not hav- 
ing any object with which to compare this motion, when shut 
up in the boat ; for then every object around us keeps the 
same relative position. And so, in respect to the motion of the 
earth, having nothing with which to compare its movement, ex- 
cept the heavenly bodies, when the earth moves in one direc- 
tion, these objects appear to move in the contrary direction. 

Canses of the Heat and Cold of the Seasons. 

We have seen that the earth revolves rou nd the sun in an 

Al wluit rMe doev tbe earth move anmnd the Bun 1 How fast does it 
mmm amQidl itft aaw at.the equator 1 • How is the vdodty of the earth m 
oeitaiiiidi WhyareweiiMMsiiflibleoftbaearth^aHtiQn? 



oDipCica] orbit, of which the ran is one of the foci, and coiisei 
aiienUy, that die earth is nearest him, in one part of her oxint 
4»n in another. From the great difference we experience 
between ihe heat of summer and that of winter, we snoold be 
led to suppose timt the earth must be much nearer the sun is 
the hot season, than in the cold. But when we come to in- 
quire into this subject, and to ascertain the distance of the 
sun at different seasons of the year, we find that the great 
source of heat and light is nearest us during the cold of win- 
ter, and at the greatest distance during the heat of summer. 

It has been explained, under the article Optics^ that the 
angle of vision depends on the distance at wnich a body ol 
nven dimensions is seen. Now, on measuring the angular 
dimension of the sun, with accurate instruments, at difierent 
seasons of the year, it has been, fousd that his dimensions 
increase and diminish, and that these variations correspond 
exactly with the supposition, that the earth moves in an ellip- 
tical orbit If, for instance, his apparent diameter be taken 
in March, and then again in July, it will be found to have 
diminished, which dimmution is only to be accounted for, by 
supposing that he is at a greater distance from the observer in 
July than in March. From July, his angular diameter gra- 
duuly increases, till January, when it again diminishes, and 
continues to diminish, until July. By many observations, it 
is found, that the greatest apparent diameter of the sun, and 
therefore his least distance n-om us, is in January, and his 
least diameter, and therefore his greatest distance, is in July. 
The actual difference is about three millions of miles, the 
sun being that distance further from the earth in July than in 
January. This, however, is only about one sixtieth of his 
mean distance from us, and the difference we should experi- 
ence in his heat, in consequence of this difference of distance, 
will therefore be very small. Perhaps Uie effect of his proxi* 
mity to the earth may diminish, in some small degree, the 
severity of winter. 

The heat of summer, and the cold of winter, must therefore 



At what wason of the year is the sun at the gveateat, and at what 

the least <fistanoe, fvom the earth 1 How is it ascertained that Hbe eaith 
mores in an elliptical orbit, by the appearance of the sunl When does ^ 
son appear under the greatest ^parent diameter, and when wader the leastl 
How much i&rther is flie son firam ns in July^ than in Jamiazy 1 What el^ 
Aet does this difieienoe prodnoe on the eaith ? How is the heat of somnHr, 
and the cold of winter, acooonSsd ftr t 
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uise from the difference in the meridian altitude of the sqn, 
' 1 the time of hia continuance above the horizon. . ' 



summer, the aolar rays fall on the earth, in nearly a perpen- 
dicular direction, and his powerful heat is then constantly ac- 
cumulated by the long days and short nights of the seaaon. 
la winter, on the contrary, the aolar rays fall so obliquely on 
the earth, as to produce little warmth, and the small, efiect they 
do produce during the short days of that season, is almost en- 
tirely destroyed bv the long nights which succeed. The dif- 
ference between the eflecle of perpendicular and oblique rays, 
seems to depend, in a great measure, on the different extent 
of surface over which they are spread. When the rays of 
the sun are made to pass through a convex lens, the heat is 
increased, because the number of rays which naturSlly cov- 
ered a large surface, are then made to cover a smaller one, 
so that the power of the glass depends on the number of rays 
thus brought to a focus. If, on tne contrary, the rays of tlie 
sun are suffered to pass through a concave lens, their natural 
heating power is diminished, because they are dispersed, or 
spread over a wider surface than before. 

Now, to apply these different effects to the summer and ' 
winter rays of uie sun, let us suppose that the rays falling 
perpendicularly on a given extent of surface, impart to it a 
certain degree of heat, 
then it is obvious, that 
if the same number of 
rays be spread over 
twice that extent of sur- 
face, their heating pow- 
er would be diminished 
in proportion, and that 
onlyhalf the heat would 
• be imparted. This is 

the effect produced by 
the sun's rays in the 
. winter. They fall so 
obliquely on the earth, 
as to occupy nearly 
double the space that 
the same number of rays do in the summer. 
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This is iDustrated by fig. 100^ where the nuinber of rays 
both in winter and summer, are supposed to be the same. 
But it will be observed, that the winter rays, owing to their 
oblique direction, are spread over nearly twice as much sur« 
' face as those of summer. 

It may, however, be remarked, that the hottest season is 
not usually at the exact time of the year, when the sun is most 
vertical, and the days the longest, as is the case towards the 
end of June, but some time afterwards, as in July and August. 

To account for this, it must be remembered, that when the 
sun is nearly vertical, the earth accumulates more heat by day 
than it ^ves out at night, and that this accumulation conti« 
nues to mcrease after the days begin to shorten, and conse- 
quently, the greatest elevation of temperature is some time 
after tne longest days. For the same reason, the thermome- 
ter generally indicates the greatest degree of heat at two or 
three o'clock on each day, and not at 12 o'clock, when the 
sun's rays are most powerful. 

Figure of the Earth. 

Astronomers have proved that all the planets, together with 
their satellites, have the shape of the sphere or globe, and 
hence, by analogy, there was every reason to suppose, tha< 
the earth would be found of the same shape ; and several 
phenomena tend to prove, beyond all doubt, that this is its 
form. The fi^re of the eartn is not, however, exactly that 
of a globe, or ball, because its diameter is about 34 miles less 
from pole to pole, than it is at the eauator. But that its gen- 
eral figure is that of a sphere, or ball, is proved by many cir- 
cumstances. 

When one is at sea, or standing on the sea shore, the first 
part of a ship seen at a distance, is its mast. As the vessel 
advances, the mast rises higher and hisher above the horizon, 
and finally the hull, and ii^ole ship, l)ecome visible. Now, 
were the earth's surface an exact plane, no such appearance 
would take place, for we should then see the hull long before 
the mast or rigging, because it is much the largest object. 



Why is not the hottest seaflon of the year at the period when the davs 
are longest, and the sun most vertical '? What is the general figure of tne 
earth 7 How much less is the diameter of the earth at me poles than at the 
equator 1 How is the convexity of the earth proved, by the apjffoncb of a 
ship at seal 
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a 

It will be plain by fig. 200, that were the ship, a, eleva- 
ted, so that the hvU should be on a horizontal line with die 
eye, the whole ship would be visible instead of the topmastf 
there being no reason, except the convexity of the earth, why 
the whole ship should not be visible at a, as well as at b. 

We know, for the same reason, that in passing over a hill, 
the tops of the trees are seen, before we can discover the 
ground on which they stand ; and that when a man approach- 
es from the opposite side of a hill, his head is seen before his 
feet. 

It is a well known fact also, that navigators have set out 
from a particular port, and by sailing continually westward, 
have passed around the earth, and again reached tjie port 
from which they sailed. This could never happen, were the 
earth an extended plain, since then the longer the navfgator 
sailed in one direction, the further he woula%e from home. 

Another proof of the spheroidal form of the earth, is the 
figure of its shadow on the moon, during eclipses, which sha- 
dow is always bounded by a circular line. 

These circumstances prove beyond all doubt, that the form 
of the earth is globular, but that it is not an exact sphere; and 
that it is depressed or flattened at the poles, is shown by the 
difference in the lengths of pendulums vibrating seconds at 
the poles and at the equator* 

Under the article pendulum, it was shown that its vibrations 
depend on the attraction of gravitation, and that as the centre of 
the earth is the centre of this attraction, so the nearer this in- 
strument is carried to that point, the stronger will be the at- 
traction, and consequently tne more frequent its vibrations. 

From a great number of experiments, it has been found 

Explain fig. 900. What other proofs of the globular shape of the earth ave 
inentioiied 1 Hov is it proved ij the >tbralioiis of the peiidalai% that tho 
eaith Is flattened at the poles 1 
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that a pendulum, which vibrates seconds at the equator, has 
its number of vibrations increased, when it is carried towards 
the poles, and as its number of vibrations depends upon its 
length, a clock which keeps accurate time at the equator, must 
have its pendulum lengthened at the poles. And so, on the 
contrary, a clock going correctly at, or near the poles, must 
have its pendulum shortened, to keep exact time at the equa- 
tor. Hence the force of gravity is greatest at the poles, and 
least at the equator. 

Fig. 201. The manner in which the 

figure of the earth differs from 
that of a sphere, is represented 
by fig. 201, where n is the 
north pole, and ^ the south pole, 
the line from one of these points 
to the other, being the axis of 
the earth, and the line crossing 
this the equator. It will be 
seen by this, figure that the 
surface of tlie earth, at the 
poles, is nearer its centre, than 
the surface at the equator. 
The actual difference between 
the polar and equatorial diameters is in the proportion of 300 
to. 901. Tlie earth is therefore called an oblate spheroid^ the 
word oblate siffnifyinff the reverse of oblong, or shorter in one 
direction than in anotner. ^ 

The compression of the earth at the poles, and the conse- 
quent accumulation of matter at the equator, is probably the 
effect of its diurnal revolution, while it was in a soft or plastic 
state. If a ball of soft clay, or putty, be made to revolve 
rapidly, by means of a stick passed through its centre, as an 
axis, it will swell out in the middle, or equator, and be de- 
pressed at the poles, assuming the precise figure of the earth. 
This figure is the natural and obvious consequence of the 
centrifugal force, which operates to throw the matter off, in 
proportion to its distance from the axis of motion, and the 
rapidity with which the ball is made to revolve. The parts 
about the equator would thei^fore tend to fly off, and leave 

111 ■ I — — 

In what proportion is the polar, less than the equatorial diameter 1 What 
is the earth called, in reference to this figure 1 How is it supposed that if 
came to have this form ? How is the form of the earth illustrated by expe- 
riment ? Explain the reason why a plastic ball will swell at the equator, 
when made to revolve. 
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iae other parts, in consequence of the centrifugal force, while 
those about the poles, being near the centre of motion, would 
receive a much smaller impulse. Consequently the ball 
would swell, or bulge out at the equator, which would produce 
B corresponding depression at the poles. 

The weight of a body at the poles is found to be greater 
than at the equator, not only because the poles are nearer 
the centre of the earth than the equator, but because the cen- 
trifugal force there tends to lessen its gravity. The wheels 
of machines, which revolve with the greatest l-apidity, are 
made in the strongest manner, otherwise they will fly in 
pieces, the centrifu|^l force not only overcoming the gravity, 
out the cohesion of their parts. 

It has been found, by calculation, that if the earth turned 
over once in 84 minutes and 43 seconds^ the centrifugal force 
at the equator would be equal to the power of gravity there, . 
and that bodies would entirely lose their weight. If the 
earth revolved more rapidly than this, all the buildings, rocks,, 
mountains, and men, at the equator, would not only lose their 
weight, but would fly away, and leave the earth. 

Solar and Siderial Time. 

The stars appear to go round the earth in 23 hours, 5& 
minutes, and 4 seconds, while the sun appears to perform the 
same revolution in 24 hours, so that the stars gain 3 minutes 
and 56 seconds upon the sun every day. In a year, this 
amounts to a day, or to the time taken by the earth to per- 
form one diurnal revolution. It therefore happens, that wen 
time is measured by the stars, there are 366 days in the year, 
or 366 diurnal revolutions of the earth, while, if measured 
by the sun from one meridian to another, there are only 365 
whole days in the year. The former are called the siderial, 
and the latter solar days. 

To account for this diflerence, we must remember that the 
earth, while she performs her daily revolutions, is constantly 
advancing in her orbit, and that, therefore^ at 12 o'clock to- 
day, she is not precisely at the same place in respect to the 

What two causes render the weights of bodies less at the equator than at 
the poles 1 What would be the consequence on the weights of bodies at the 
equator, did the earth turn over once in 84 minutes and 43 seconds 1 The stars 
topear to move round the earth in less time than the son, what does tbr 
dsferenoeamounttoinayearl Whatis theyearmewravedbyaslaveMMt? 
what is thai measured by the sun called ^ 

21* 
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mu^ that she was at 12 o'clock yesterday, or will be to-mor- 
row. But the fixed stars are at such an amazing distance 
from us, that the earth's orbit, in respect to them, is but a 
point ; and therefore, as the earth's diurnal motion is perfectly 
uniform, she revolves from any ^iven star to the same star 
anin, in exactly the same period of absolute time. The orbit 
of ^e earth, were it a solid mass, instead of an imaginary 
circle, would hare no appreciable length or breadth, when 
seen from a fixed star, and therefore, wheUier the earth per- 
formed her diurnal revolutions at a particular station, or wnile 
passing round in her orbit, would make no appreciable differ- 
ence with respect to the star. Hence the same star, at e^ery 
complete daily revolution of thci earth, appears precisely in 
the same direction at all seasons of the year. The moon, for 
instance, would appear at exactly the same point, to a person 
who walks round a circle of a hundred yards in diameter, 
and for the same reason a star appears in the same direction 
from all parts of the earth's orbit, tnough 190 millions of miles 
ia diameter. 

If the earth had only a diurnal motion, her revolution, in 
respect to the sun, would coincide exactly with the same 
revolution in respect to the stars ; but while she is making one 
revolution on her axis towards the east, she advances in the 
same direction about one degree in her orbit, so that to bring 
the same meridian towards the sun, she must make a Uttle 
more than one entire revolution. 

Fig.aOS 




How if the diflftfrence in time between tlie iolar and nderial year ae- 
eoonted £ar 7 The earth't orbit if but a point, in reference to a star; how u 
thif illustrated 7 
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To make this plain, suppose the sun, s, fig. 202, to be ex- 
actly on a meridian line marked at e, on the earth A, on a 
given day. On the next day, the earth, instead of beinff at A^ 
as on the day before, advances in its orbit to B, and m the 
mean time having completed her revolution, in respect to a 
star, the same meridian line is not brought under the sun, as 
on the day before, but falls short of it as at e, so that the earth 
has to perform more than a revolution, by the distance from e 
to 0, in order to bring the same meridian again under the sun. 
So on the next day, when the earth is at C, she must again 
complete more than two revolutions, since leaving JL, by the 
space from e to o, before it will again be noon at e. 

Thus, it is obvious, that the earth must complete one revo- 
lution, and a portion of a second revolution,- equal to the space 
she has advanced in her orbit, in order to bring the same me- 
ridian back again to the sun. This small portion of a second 
revolution amounts daily to the 365th part of her circumfer- 
ence, and therefore, at the end of the year, to one entire rota- 
« tion, and hence in 365 days, the earth actually turns on her 
axis 366 times. Thus, as one complete rotation forms a si- 
derial day, there must, in the year, be one siderial, more than 
there are solar days, one rotation of the earth, with respect to 
the sun, being lost, by the earth's yearly revolution. The same 
loss of a day «hap pens to a traveller, who, in passing round 
the earth towards the west, reckons his time by the rising and 
setting of the sun. If he passes round towards the east, he 
will gain a day for the same reason. 

Equation of Time. 

As the motion of the earth about its axis is perfectly uni- 
form, the siderial days, as we have already seen, are exactly of 
the same length, in all parts of the year. But as the orbit of 
the earth, or the apparent path of the sun, is inclined to the 
earth's axis, and as the earth moves with different velocities 
in different parts of its orbit, the solar, or natural days, are 
sometimes greater and sometimes less than 24 hours, as shown 

Hod the earth only a diurnal revolution, would the siderial and solar time 
agree 1 Show by fig. 203, how siderial, differs from solar time. Why doei 
not the earth turn the same meridian to the sun at the same time every day 1 
How many times does the earth turn on her axis in a year 1 Why does aha 
turn more times than there are davs in the year 1 Why are the solar days 
•ometunes greater, and sometimes lose than 24 hoorsl 
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hy an accurate clock. The) consequence is, that a true sUfi* 
dial, or noon mark, and a true time piece, agree with each 
other, only a few times in a year. Tne difference between 
the sun dial and clock, thus shown, is called the egtiatum of 
time. 

The difference between the sun and a well regulated clock, 
thus arises from two causes, the inclination of the earth's axis 
to the ecliptic, and the elliptical form qf the earth's orbit. 

That the earth moves in an ellipse, and that its motion is 
more rapid sometimes than at others, as well as that the earth's 
axis is inclined to the ecliptic, have already been explained 
and illustrated. It remains, therefore, to show how these 
two combined causes, the elliptical form of the orbit, and tho 
inclination of the axis, produce the disagreement between tlu> 
sun and clock. In this explanation,/ we must consider the 
sun as moving around the ecliptic, while the earth revolves on 
her axis. 

EqueUf or mean time, is that which is reckoned by a clock, 
supposed to indicate exactly 24 hours, from 12 o'clock on 
one day, to 12 o'clock on the next day. Apparent time« is 
that which is measured by the apparent motion of the sun in 
the heavens, as indicated by a meridian line, or sun dial. 

Were the earth's orbit a peifect circle, fig. 196^ and her 
axis perpendicular to the plane of this orbit, the days would 
be of^ uniform length, and there would be no difference be- 
tween the dockland the sun ; both wduld indicate 12 o'clock 
at the same time, on every day in the year. But on account 
of the inclination of the earth's axis to the ecliptic, unequal 
portions of the sun's apparent path through the heavens will 
pass any meridian in equal times. This may be readily ex- 
plained to the pupil, by means of an artificial globe, but per* 
naps it will be understood by the following diagram* 

What is the difference between the time of a sun dial and a dock called T 
What are the causes of the difference between the sun and clock 1 In ex- ' 
phoning equation of time, what motion is considered as belonging to the son, 
and what motion to the eaithi What k equal, os mean time? What m 
ttppuoA time 1 



TIME. 



249 




Let AN B 8, fig, 
203, be the concave 
of the heavens, in tlie 
centre of which is 
the earth. Let the 
line A B, be the 
equator, extending 
through the earth 
and the heavens, and 
)j} let A, fl, 6, C, c, and 
d, be the ecliptic, or 
the apparent path ol 
the sun through the 
heavens. Also, let 
A, 4, 2, 3, 4, 5, be 
equal distances on 
the equator, and A, a, 
b, C, c, and d, equal 
portions of the eclip- 
dc, corresponding with A 1, 2, 3, 4, and 5. Now we will sup- 
pose, that there are t^vo suns, namely, a false, and'a real one ; 
that the false one passes through the celestial equator, which 
is only an extension of the earth's equator to the heavens ; 
while the real sun has an apparent revolution through the 
ecliptic ; and that they both start from the point A, at the 
same instant. The false sun is supposed to pass through the 
celestial equator in the same time, that the real one passes 
through the ecliptic, but not through the same meridians 
at the same time, so that the false sun arrives at the points 
1, 2, 3, 4, and 5, at the time when the real sun arrives at 
the points a, h, C, and c. When the two suns were at A, 
the starting point, they were both on the same meridian, 
but when the fictitious sun comes to 1, and the real sun to a, 
they are not in the same meridian, but the real sun is west- 
ward of the fictitious one, the real sun being at a, while the 
false sun is on the meridian 1, consequently, as the earth 
turns on its axis from^ west to cast, any particular place will 

In fig. 203, which is the celestial equator, and wliich the ecliptic! 
Through which of these circles does the false, and through which does the 
true sun passi When the real sun arrives to a, and the false one to 1, 
arfr thej both on the same meridian 1 Which is then most westward] 
When the two suns are at 1 and a, why will any meridian come first 
under the real sun '? Were the true sun in place of the false one, why 
would 1^6 sun and clock agree 1 
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eome under the siin^s real meridian, sooner than tinder the 
fictitious sun's meridian ; that is, it will he 12 o'clock by the 
tnie sun, before it is 12 o'clock by the false sun, or by a true 
clock ; but were the true sun in place of the false one, the 
sun and clock would a^ec. While the true sun is passing 
through that quarter of his orbit, from a to C, and tne ficti- 
tious sun from 1 to 3, it will always be noon by the true sun 
before it is noon by the false sun, and during this period, the 
sun will he faster than the clock. 

When the true sun arrives at C, and the false one at 3, they 
are both on the same meridian, and the sun and clock agree* 
But while the real sun is passing from C to B, and the false one 
from 3 to B) any meridian comes later under the true sun tlian 
it does under the false, and then it is noon by the sun after it 
is noon by the clock, and the sun is then said to be slower than 
the clock. At B, both suns are again on the same meridian, 
and then again the sun and clock agree. 

We have thus followed the real sun through one half of his 
true apparent place in the heavens, and the false one through 
half the celestial equator, and have seen tliat the two suns, 
since leaving the point A, have been only twice on the same 
meridian at the same time. It has been supposed that the two 
suns passed through equal arcs, in equal times, the real sun 
through the ecliptic, and the false one through the equator. 
The mace of the false sun may be considered as representittg 
the place where the real sun would be, in case the earth's axis 
had no inclination, and consequently it agrees with the clock 
every 24 hours. But the true sun, as he passes round in the 
ecliptic, comes to the same meridian, sometimes sooner, and 
sometimes later, and in passing around the other half of the 
ecliptic, or in the other half year, the same variations succeed 
each other. 

The two suns are supposed to depart from the point A, on 
the 20th of March, at which time the sun and clock coincide. 
Prom this time, the sun is faster than the clock, until the two 
suns come together at the point C, which is on the 21st of 
June, when the sun and clock again agree. From this period 
the sun is slower than the clock, until the 23d of September, 

» While the suns are passing from A to C, and from 1 to 3, will the 
sun be faster or slower than tne clock 1 When the tr/o suns are at C, 
and 3, why will the sun and clock agree 1 Wliile tho real sun is passing 
from B to C, which is fastest, the clock, or sun? What does the jdaeft Qt 
Uie false sun represent, in fig. 208"? 
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nd faster again until the 21 st of December, at which time 
they a^ree as before. 

We nave thus seen how the inclination of the earth's axis, 
and the consequent obliquity of the equator to the ecliptic, 
causes the sun and clock to disagree^ and on what days the^ 
would coincide, provided no other cause interfered with their 
agreement But although the inclination of the earth's axis 
would bring the sun and clock together on the above-men- 
doned days, yet this agreement is counteracted by another 
cause, which is the elliptical form of the earth*s orbit, and 
though the sun and cIock do agree four times in the year, it 
is not on any of the days above mentioned. 

It has been shown by fig. 193, that the earth moves more 
rapidly in one part of its orbit than in another. When it is 
nearest the sun, which is in the winter, its velocity is greater, 
than when it is most remote from him, as in the summer. 
Were the earth's orbit a perfect circle, the sun and clock 
would coincide on the days above specified, because then the 
onfy disagreement would arise from the inclination of the 
earth's axis. But since the earth's distance firom the sun is 
constantly changing, her rate of velocity also changes, and 
she passes , through unequal portions. o{ her orbit m equal 
times. Hence on some days, she passes through a greater 
portion of it than on others, and thus this becomes another 
cause of the inequality of the sun's apparent motion. 

The elliptical form of the earth's orbit would prevent the 
coincidence of the sun and clock at all times, except when 
the' earth is at the neatest distance from the sun, which hap- 
pens on the 1st of July, and when she is at the least distance 
from him, which happens on the 1st of January. As the earth 
moves faster in the winter than in the summer, from this 
cause, the sun would be faster than the clock fVom the 1 st of 
July to the 1st of January, and then slower than the clock 
from the 1 st of January to the 1st of July. 
' We have noW explained, separately, the two causes which 
prevent the coincidence of the sun and dock. By the first 
cause, which is the inclination of the earth's axis, they would 

The inclination of the earth's axis would make the sun and clock a^^roe 
in March, and the other months above named : why then do the j not ac- 
tually agree at those times? Were the earth's orbit a perfect circle, on 
what days would the sun and clock agree 1 How does the form of ths 
earth's orbit interfere with the agreement of the sun and clock on those 
days? At what tiaies would the form of the earth's orbit biing the sua 
on4 clock to agree 1 
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agree four times in the year, and by the second cause, the ir 
regularity of the earth's motion, they would coincide only 
twice in the year. 

Now these two causes counteract the effects of each other, 
so that the sun and clock do not coincide on any of the days, 
when cither cause, taken singly, would make an agreement 
between them. The sun and clock, therefore, are together, 
only when the two causes balance each other ; that is, when 
one cause so counteracts the other, as to make a mutual 
agreement between them. This effect is produced four times 
in the year ; namelv, on the 15th of April,15th of June, 31st 
of August, and 24th of December. On these days, the sun 
and a clock keeping exact time, coincide, and on no others. 
The greatest difference between the sun and clock, or between 
apparent and mean time, is I6h minutes, which takes place 
about the 1st of November. 

Precession of the Equinoxes. 

A tropical year is the time it takes the sun to pass from 
one equinox, or tropic, to the same tropic, or equinox, again. 

A siderial year is the time it takes the sun to perform hi» 
apparent annual revolution, from a fixed star, to the sam^ fix- 
ed star again. 

Now it has been found that these two complete revolutions 
are not finished in exactly the same time, but that it takes the 
sun about 20 minutes longer to complete his apparent revolu- 
tion in respect to the star, than it does in respect to the equi- 
nox, and nence the siderial year is about 20 minutes longer 
than the tropical year. The revolution of ihe earth from 
equinox to equinox, again, therefore precedes its complete re- 
volution in the ecliptic by about 20 minutes, for the absolute 
revolution of the earth is measured by its return to the fixed 
star, and not by the return of the sun to the same equinoctial 
point This apparent falling back of the equinoctial point, 
80 as to make tne time when it meets the sun precede the time 

The inclination of the earth's axis would make the sun and clock 
agree four times in the year, and the form of the earth's orbit would 
make them agree twice in the year, now show the reason why they do 
not agree from these causes, on the ahove mentioned da3rs, and why they 
do agree on other days. On what days do the sun and clock agree 1 
What 19 a tropical yearl What is a siderial yearl What is the dif. 
ference in the time which it takes the sun to complete his revolution' in 
respect to a star, and in respect to the equinox 1 Explain what is meanl 
fy the precession of the equinoxes. 
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«rhen the earth makes its complete revolution in respect to the 
star, is called the precession of the equinoxes. 

The distance which the sun thus ^ins upon the fixed star, 
or the difference between the sun and star, when the sun has 
arrived at the equinoctial point, amounts to 50 seconds of a 
degree, thus making the equinoctial "point recede 50 seconds 
of a degree, (when measured by the signs of the zodiac,) 
westward, every year, contrary to the sun's annual progressive 
motion in the ecliptic. 

Fig. 204. 







To illustrate this by a figure, suppose S, fig. 204, to be the 
sun, E the earth, and o a nxed star, all in a straight line with 
respect to each other. Let it be supposed that this opposi- 
tion takes place on the 21st of March, at the vernal equinox, 
and that at that time the earth is exactly between the sun and 
the star. Now when the earth has performed a complete 
revolution around its orbit b, a, as measured by the star,- she 
will arrive at precisely the same point where sh^ now is. But 
it is found that when the earth comes to the same equfhoctial 
point, the next year, she has not gone her complete revolution 
in respect to the star ; the equinoctial point having fallen back 
with respect to the star, during the year, from E to e, so that 
the earth, after ving completed her revolution, in respect to 

How many seconds of a degree does the equinox recede every year, 
Krhen the sun's place is compared with a star? How does fig. 204, il- 
lostrate the precession of the equinoxes 1 Explain fig. SK>1, and show 
from what points the equinoxes fail back from year to year. 

22 
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the eauinox, has yet to pass the space from e to E, to com 
plete her rerolution in respect to the star. 

The space from E to c, being 50 seconds of a degree, and 
the equinoctial point falling this space every year short of the 
place where the sun and this point agreed the year before, it 
is obvious, that on the next revolution of the earth, the equi- 
nox will not be found at e, but at i, so that the earth, having 
completed her second revolution in respect to the sun when at 
i, will still have to pass from i to E, before she completes an- 
other revolution in respect to the star. 

The precession of the equinoxes, being 50 seconds of a de- 
gree, every year, contrary to the sun's Apparent motion, or 
about "20 minute's in time, short of the point where the sun 
and equinoxes coincided the year before, it follows, that the 
fixed stars, or those in the sign of the zodiac, move forward 
every year 50 seconds, with respect to the equinoxes. 

In consequence of this precession, in 2160 years, those stars 
which now appear in the beginning of the sign Aries, for in- 
stance, will then appear in me beginning of Taurus, having 
moved forward one whole sign, or 30 degrees, with respect to 
the equinoxes, or the equinoxes having gone backwards 30 
degrees, with respect to the stars. In 12,960 years, or 6 times 
2160 years, therefore, the stars will appear to have moved 
forward one half of the whole circle of the heavens, so that 
those which now appear in the first degree of the sign Aries, 
will then be in the opposite point of the zodiac, and therefore, 
in the first degree of Libra. And in 12,690 years more, be- 
cause the equinoxes will have fallen back the other half of 
the circle, the stars will appear to have gone forward, from 
Libra to Aries, thus completing the whole circle of the zodiac. 
Thus in about 26,000 years the equinox will have gone back- 
wards a "whole revolution around the axis of the ecliptic, and 
the stars will appear to have gone forward the whole circle of 
the zodiac. 

The discovery of the precession of the equinoxes has thrown 
much light on ancient astronomy and chronology, by showing 
an agreement between ancient and modern observations, con- 
How many minutes, in time, is the precession of the equinoxes pei 
year ? What effect does this ])recession produce on the fixed stars 1 
How many years is a star in going forward one degree, in respect to the 
equinoxes 1 In how many years will the stars appear to have passed 
half around the heavens 1 In what period will the earth appear to have ' 
gone backwards one whole revolution? In what respect is the pi«oe»r 
tion of the equinoxes an important subject ? 
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eerning the places of the signs of the zodiac, not to he recon- 
ciled in any other manner. 

A complete explanation of the cause which occasions the 
precession of the equinoxes, would require the aid of the most 
abstruse mathematics, and therefore cannot be properly in- 
troduced here. The cause itself may, however, be stated in 
a few words. 

It has already been explained, that the revolution of the 
earth round its axis, has caused an excess of matter to be 
accumulated at the equator, and hence, that the equatorial, is 
greater than the polar diameter, by 34 miles. Now the at- 
traction of the sun, and moon, on this accumulated matter at 
the equator, has the effect of slowly turning the earth about 
the axis of the ecliptic, and thus causing the precession of the 
equinoxes. 

T%e Moon. 

While the earth revolves round the sun, the moon revolves 
round the earth, completing her revolution once in 27 days, 
7 hours, and 43 minutes, and at the distance of 240,000 miles 
from the earth. The period of the moon's change, that is, 
from new moon to new moon again, is 29 days, 12 hours, and 
44 minutes. 

The time of the moon's revolution round the earth is called 
her periodical month ; and the time from change to change 
is called her synodical month. If the earth had no annual 
motion, these two periods would be equal, but because the 
earth goes forward in her orbit, while the moon goes round 
the earth, the moon must go as much farther, from change to 
change, to make these periods equal, as the earth goes for- 
ward during that time, which is more than the twelfth part of 
her orbit, there being more than twelve lunar periods in the 
year. 

These two revolutions may be familiarly illustrated by the 
motions of the hour and minute hands of a watch. Let us 
suppose the 12 hours marked on the dial plate of a watch to 
represent the 12 signs of the zodiac through which the sun 
seems to pass in his yearly revqlution, while the hour hand of 

— — - ■ I ■ ■ I 

What is the cause of the precession of the eqmnoxes 1 What is the 
period of the moon's revolution round the earth 1 What is the period 
iroift new moon to new moon again? What are these two period^j 
called 1 Why are not the periodic^ and synodical months equal? How 
aie these two revolutions of the moon illustrated by the two hands of 
a watch 1 
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the watch represents the sun, and the minute hand the moofr* 
Then, as the hour hand goes around the dial plate once in lH 
hours, so the sun apparently goes around the zodiac once in 
12 months ; and as the minute hand makes 12 revolutions to 
one of the hour hand, so the moon makes IJJ revolutions to 
one^of the sun. But the moon, or minute hand, must go more 
than once round, from any point on the circle, where it last 
came in conjunction with the sun, or hour hand, to overtake 
it again, since the hour hand will have moved forward of the 
place where it was last overtaken, and consequently the next 
conjunction must be forward of the place where the last hap- 
pened. During an hour, the hour hand describes the twelfth 
part of the circle, but the minute hand has not only to go 
round the whole circle in an hour, but also such a portion of 
it, as the hour hand has moved forward since they last met. 
Thus at 12 o'clock, the hands are in conjunction ; the next 
conjunction is 5 minutes 27 seconds past I o^clock ; the next, 
10 min. 54 sec. past II o'clock ; the third, 16 min. 21 sec. 
past III ; 'the 4th, 21 min, 4^ sec. past IV : the 5th, 27 min. 
10 sec. past V ; the 6th, 32 min. 43 sec. past VI ; the 7th, 
38 min. 10 sec. past VII ; the 8th, 43 min. 38 sec. past VIII ; 
the 9th, 49 min. 5 sec. past IX ; the 10th, 54 min. 32 sec. 
past X ; and the next conjunction is at XII. 

Now although the moon passes around the earth in 27 days 
7 hours and 43 minutes, yet her change does not take place 
at the end of this period, because her changes are not occa- 
sioned by her revolutions alone, but by her coming periodical- 
ly into the same position in respect to the sun. At ner change, 
she is in conjunction with the sun, when she is not seen at all, 
and at this time astronomers call it new moon, though gene- 
rally, we say it is new moon two days afterwards, when a 
small part oi her face is to be seen. The reason why there 
is not a new moon at the end of 27 days, will be obvious, from 
the motions of the hands of a watch ; for we see that more 
than a revolution of the minute hand is required to bring it 
again in the same position with the hour hand, by about the 
twelfth part of the circle. 

The same principle is true in respect to the moon ; for as 

Mention the time of several conjunctions between the two hands 'of a 
watch. Why do not the moon^s changes take place at the periods of 
her revolution around the earth? How much loziger does it take the 
moon to come again in conjunction with the sun, man it does to perfona 
het periodieal revolution 1 
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the earth advances ill its orbit, it takes the moon 2 da; s 5 
hours and 1 minute longer to come again in conjunction with 
the sun, than it does to make her monthly revolution round 
the earth ; and this 2 days 5 hours and 1 minute being added 
to 27 days 7 hours and 43 minutes, the time of the periodical 
revolution makes 29 days 12 hours and 44 minutes, the 
period of her synodical revolution. 

The moon always presents the same side, or face, towards 
the earth, and hence it is evident that she turns on her axis 
but once, while she is performing one revolution round the 
earth, so that the inhabitants of the moon have but one day, 
and one ni^ht, in the course of a lunar month. 

One half of the moon is never in the dark, because when 
this half is not enlightened by the sun, a strong light is reflect- 
ed to her from the earth, during the sun's absence. The 
other half of the moon enjoys alternately two weeks of the 
sun's light, and two weeks of total darkness. 

The moon is a globe, like our earth, and, like the earth, 
shines only by the light reflected from the sun; therefore, 
while that half of her which is turned towards the sun is 
enlightened, the other half is in darkness. Did the moon 
shine by her own hght, she would be constantly visible to us, 
for then, being an orb, and every part illuminated, we should 
see her constantly full and round, as we do the sun. 

One of the most interesting circumstances to us, respecting 
the moon, is, the constant changes which she undergoes, in 
her passage aroimd the earth. When she first appears, a day 
or two after her change, we can see only a small portion of her 
enlightened side, which is in the form of a crescent ; and at 
this time she is commonly called new moon. From this peri- 
od, she goes on increasing, or showing more and more of her 
face every evening, until at last she becomes round, and her 
fece fully illuminated. She then begins again to decrease, by 
apparently losing a small section of her face, and the next 
evening, another smaU section from the same part, and so on, 
decreasing a little every day, until she entirely disappears ; 
and having been absent a day or two, re-appears, in the form 
of a crescent, or new moon, as before. 

How is it proved that the moon makes but one revolution on her axis» 
as she passes aiDond the earth? One half of the moon is never in the 
dariL i explain why this is so. How long is tiie day and night at the 
other huf 1 How is it shown that die moon shines only by reflected 
K^tl 
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When the moon disappears, she is said to be in conjunction, 
ihat is, she is in the same direction from us with the sun. 
When she is full, phe is said to be in opposition, that is, she is 
in that part of the heavens opposite to the sun, as seen by us. 

The different appearances of the moon, from new to full, 
and from full to change, are owing to her presenting different 
portions of her enlightened surface towards us at different 
times. These ap pearances are called \hephases of the moon, and 
are easiljaccoimtedfor^and understood, by the following figure 

Fig. 205. 





Let Sj dg. 205, be the sun, E the earth, and A, B, C, Df 
£, the moon in different parts of her orbit. Now when the 
moon changes, or is in conjunction with the sun, as at A, her 
dark side is turned towards the earth, and she is invisible, as 
represented at a. The sun always shines on one half of the 
moon, ir every direction, as represented at A and J5, on the 
inner circle ; but we at the earth can see only such portions of 
the enlightened half as are turned towards us. After her change, 
when sne has moved from -<4 to JB, a small part of her illumi- 
nated side comes in sight, and she appears horned, as at &, and 
is then called the new moon. When she arrives at C, several 
days afterwards, one half of her disc is visible, and she ap- 
pears as at c, her appearance being the same in both circles. 
At this point she is said to be in her first quarter, because she 
has passed through a quarter of her orbit, and is 90 degrees 

When b the moon said to be m conjunction with the sun, and when in oppo- 
sition to the sun 1 What are the phases of the moon 7 Describe fig. 205, and 
show how -the moon passes from change to full, and &om full to cnioige 
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from the place of her conjunction with the sun. At D, she 
shows us still more of, her enlightened side, and is then said 
to appear ffibbous, as at d. When she comes to jE, her whole 
enlightened side is turned towards the earth, and she appears 
in an the splendor of a full moon. During the other half of 
her revolution, she daily shows less and less of her illuminated 
side, until she a^ain becomes invisible by her conjunction 
with the sun. Thus in passing from her conjunction a, to 
her full, e, the moon appears every day to increase, while in 
going from her full to ner conjunction again, she appears to 
us constantl)'" to decrease, but as seen from the sun, she ap- 
pears always full. 

The earth, seen by the inhabitants of the moon, exliibits 
the same phases that the moon does to us, but in a contrary 
order. When the moon is in her conjunction, and con- 
sequently invisible to us, the earth appears full to the people 
of the moon, and when the moon is full to us, the earth is 
dark to them. 

The earth appears thirteen times larger to the lunarians 
than the moon does to us. As the moon always keeps the 
same side towards the earth, and turns on her axis only as she 
moves round the earth, we never see her opposite side. Con- 
sequently, the lunarians who live on the opposite side to us 
never see the earth at all. To those who live on the middle 
of the side next to us, our earth is always visible, and directly 
over head, turning on its axis nearly thirty times as rapidly 
as the moon, for she turns only once in about thirty days. 
A lunar astronomer, who should happen to live directly oppo- 
site to that side of the moon, which is next to us, would have 
to travel a quarter of the circumference of the moon, or about 
1500 miles, to see our earth above the horizon, and if he had 
the curiosity to see such a glorious orb, in its full splendor 
o^er his head, he must travelSOOO miles. But if his curiosity 
equalled that of the terrestrials, he would be amply compensated 
by beholding so glorious a nocturnal luminary, a moon thir- 
teen times as large as ours. 

That the earth shines upon the moon as the moon does upon 
as, is proved by the fact that the outline of her whole disc may 

What is said concerning the phases of the earth, as seen from the 
moon 1 When does the earth appear full at the moon ? When is the 
Aarth, in her change, to the people of the mooni Why do those who 
five on one side of the moon never see the earth 1 How is it known 
dkat the eaitii shines upon the moon, as the moon does upon us 1 
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be seen, when only a -part of it is enlightened by the siulr 
Thus when the sky is clear, and the moon only two or three 
days old, it is not uncommon to see the brilliant new moon, 
with her horns enlightened by the sun, and at the same time, 
the old moon faintly illuminated by reflection from the earth. 
This phenomenon is sometimes called " the old moon in the 
new moon's arms." 

It was a disputed poinfamong former astronomers, whether 
the moon has an atmosphere ; but the more recent discoveries 
have decided that she has an atmosphere, though there is 
reason to believe that it is much less dense than ours. 

When the moon's surface is examined through a telesocpe, 
it is found to be wonderfully diversified, for besides the dark 
spots perceptible to the naked eye, there are seen extensive 
valleys, and long ridges of highly elevated mountains. 

Some of these moimtains, according to Dr. Herschel, are 4 
miles high, while hollows more than 3 miles deep, and almost 
exactly circular, appear excavated on the plains. Astronomers 
have been at vast labor to enumerate, figure, and describe, the 
mountains and spots on the surface of the moon, so that the 
latitude and longitude of about 100 spots have been ascertain- 
ed, and their names, shapes, and relative positions- given. A 
still greater number of mountains have been named, and their 
heights and the length of their bases detailed. 

The deep caverns, and broken appearance of the moon's 
surface, long since induced astronomers, to believe that such 
effects were produced by volcanoes, and more recent discov- 
eries have seemed to prove that this suggestion was not with- 
out foundation. Dr. Herschel saw with his telescope, what 
appeared to him three volcanoes in the moon, two of which 
were nearly extinct, but the third was in the actual state of 
eruption, throwing out fire, or other luminous matter, in vast 
quantities. 

It was formerly believed that several large spots, which ap- 
peared to have plane surfaces, were seas, or lakes, and that a 
part of the moon's' surface was covered with water, like that 
of our earth. But it has been found, on closely observing 
these spots, when they were in such a position as to reflect 
the sun's light to the earth, had they been water, that no 
such reflection took place. It has also been found, that when 

What is said concerning the moon's atmosphere? How high aiB 
Home of the momitains, and how deep the caverns of the nuxml What 
is said concerning the volcanoes of the muon ? 
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these spots were turned in a certain position, their surfaces 
appeared rough, and uneven ; a certain indication that they 
are not water. These circumstances, toffether with the fact, 
that the moon's surface is never obscured by mist or vapor, 
arising from the evaporation of water from her surface, have 
induced astronomers to beheve, that the moon has neither 
seas, lal^es, nor rivers, and indeed that no water exists there. 

Eclipses 

Every planet and satellite in the solar system is illuminated 
by the sun, and hence they cast shadows in the direction op- 
posite to him, just as the shadow of a man reaches from the 
sun. A shadow is nothing more than the interception of the 
rays of light by an opaque body. The earth always makes a 
shadow, which reaches to an immense distance into open 
space, in the direction opposite to the sun. When the earth, 
turning on its axis, carries us out of the sphere of the sun's 
light, we say it is sun-set, and then we pass intQ the earth's 
shadow, and night comes on. When the earth turns half 
round from' this point, and we again emerge out of the earth's 
shadow, we say, the sun rises, and then day begins. 

Now an eclipse of the moon is nothing more than her falling 
into the shadow of the earth. The moon having no light of 
her own, is thus darkened, and we say she is eclipsed. The 
shadow of the moon also reaches to a great distance from her. 
We know that it reaches at least 240,000 miles, because it 
sometimes reaches the earth. An eclipse of the sun is occa- 
sioned whenever the earth falls into the shadow of the moon. 
Hence in eclipses, whether of the sun or moon, the two plan- 
ets and the sun must be nearly in a straight line with respect 
to each other. In eclipses of the moon, the earth is between 
the sun and moon, and in eclipses of the sun, the moon is be- 
tween the earth and sun. 

If the moon went around the sun in the same plane with 
the earth, that is, were the moon's orbit^on the plane of the 

What is supposed concerning tlie lakes and seas of the moon 1 On^ 
what grounds is it supposed that there is no water at the moon 1 What 
hi a shadow 1 When do we say it is sun-set, and when do we say it is 
flun-risel What occasions an eclipse of the mooni What causes 
eclipses of the sim 1 In eclipses of the moon, what planet is between 
the sun and moon 1 In eclipses of the sun, what planet is between the 
«un and earth 1 Why is there not an eclipse of tne sun at every coa- 
junction of the sun and moon 1 
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ecliptic, there would happen an eclipse of the sun at evei^ 
conjunction of the sun and moon, or at the time of every new 
moon. But at these conjunctions, the moon does not come 
exactly hetween the earth and sun, because the orbit of the 
moon is inclined to the ecliptic at an angle of bh degrees. Did 
the planes of the orbits of the earth and moon coincide, there 
would be an eclipse of the moon at every full, for then tlie 
moon would pass exactly through the earth's shadow. 

One half of the moon's orbit being elevated 5i degrees 
above the ecliptic, the other half is depressed as much below 
it, and thus the moon's orbit crosses that of the earth in two 
opposite points, called the moon's nodes. 

As the nodes of the moon are the points where she crosses 
the ecliptic, she must be half the time above, ai;id the other hall 
below these points. The node in which she crosses the plane 
of the ecliptic upward, or towards the north, is called her ascend- 
ing node. That in which she crosses the same plane down- 
ward, or toward the south, is called her descending node. 

The moon's orbit, like those of the other planets, is ellipti 
cat, so that she is sometimes nearer the earth than at others 
WTien she is in that part of her orbit, at the greatest distance 
from the earth, she is said to be in her apogee^ and when at 
her least distance from the earth, she is in her perigee. 

Eclipses can only happen at the time when tne moon is at, 
or near, one of her nodes, for at no other time is she near the 
plane of the earth's orbit; and since the earth is always in 
this plane, the moon must be at, or near it also, in order to 
bring the two planets and the sun in the same right line, with- 
out which no eclipse can happen. 

The reason why eclipses do not happen oftener, and at 
regular periods, is because a node of the moon is usually only 
twice, and never more than three times in the year, presented 
towards the sun. The average number of total eclipses of 
boUi luminaries, in a century, is about thirty, and the average 
number of total and partial, in a year, about four. There 
may be seven eclipses in a year, including those of both lu- 



How many degrees is the moOn's orbit inclined to that of the earth 1 
What are the nodes of the moon 1 What is meant by the asocnJinff 
and descending nodes of the moon 1 What is the moon's apogee, and 
what her perigee 1 Why must the moon be at, or near, one of her nodes, 
to occasion an eclipse'? Why do not eclipses happen often, and at reg- 
ular periods 1 What is the greatest, and what the least number of cclipMs, 
that can happen in a year ? 
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minanes, and there may be only two. When there are only 
two, they arc both of the sun. 

When the moon is within 16i degrees of her node, at the 
time of her change, she is so near the ecliptic, that the sun 
may be more or less eclipsed, and when she is within 12 de- 
grees of her node, at the time of her full, the moon will be 
more or less eclipsed. 

But the moon is more frequently within 16j degrees of her 
node at the time of her change, than she is within 12 degrees 
at the time of her full, and consequently there will be a great- 
er number of solar, than of lunar eclipses, in a course of 
years. Yet more lunar eclipses will be visible, at any one 
place on the earth, than solar, because the sun, being so much 
larger than the earth, or moon, the shadow of these bodies 
must terminate in a point, and this point of the mopn's sha- 
dow never covers but a small portion of the earth's surface, 
while lunar ecUpses are visible over a whole hemisphere, 
and as the earth turns on its axis, are therefore visible to more 
than half the earth. This will be obvious by figs. 206 and 
207, where it will be observed that an eclipse of the moon 
may be seen wherever the moon is visible, while an eclipse 
of the sun will be total only to those who live within the 
space covered by the moon's dark shadow. 

Lunar Eclipses. — ^When the moon falls into the shadow of 
the earth, the rays of the sun are intercepted, or hid from her, 
and she then becomes eclipsed. When the earth's shadow 
covers only a part of her face, as seen by us, she suffers only a 
partial eclipse, one part of her disc being obscured, while the 
other part reflects the sun's light. But when her whole sur- 
face is obscured by the earth's shadow, she then suffers a total 
eclipse, and of a duration proportionate to the distance she 
passes through the earth's shadow. 

Fig. 206 represents a total lunar eclipse ; the moon being 
in the midst of the earth's shadow. Now it will be apparent, 
that in the situation of the sun, earth, and moon, as represent- 
ed in the figure, this eclipse will be visible from all parts of 



Why will there be more solar than lunar eclipses, in the course of yeaxis 
Why will more lunar than solar eclipses be visible at any one place ? 
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Uiat hemisphere of the earth which is next the moon, and that 
the moon's disc will be equally obscured, from whatever point 

Fig. 906. 
Edipse _afjhA MtBii 
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it is seen. When the moon passes through only a part of the 
earth's shadow, then she suffers only a partial eclipse, but this 
is also visible from the whole hemisphere next the moon. It 
will be remembered that lunar echpses happen only at full 
moon, the sun and moon being in opposition, and the earth be* 
tween them. 

Solar JSclipses, — When the moon passes between the earth 
and sun, there happens an eclipse of the sun, because then the 
moon's shadow falls upon the earth. A total eclipse of the 
sun happens often, but when it occurs, the total obscurity 
is confined to a small part of the earth : since the dark por« 
tion of the moon's shadow never exceeds 200 miles in diam- 
eter on the earth. But the moon's partial shadow, or pe- 
numbrOi may cover a space on the earth of more than 4000 
miles in diameter, ivithin all which space the sun will be more 
or less eclipsed. When the penumbra first touches the earth, 
the eclipse begins at that place, and ends when the penumbra 
leaves it. But the eclipse will be total only where die dark 
shadow of the moon touches the earth. 

Pig. 907. 




Why ]fl the same eclipse total at one place, and only partial at anotherl 
Why w a total eclipse of the sun confined to so small a part of the earth 1 
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Fig. 207 represents an eclipse of the sun, without regard to 
the penumbra, that it^ may be observed how small a part ot 
the earth the dark shadow of the moon covers. To those 
who live within the limits of this shadow, the eclipse will be 
total, « while to those who live in any direction around it, and 
within reach of the penumbra, it will be only partial. 

Solar eclipses are called annular, from annulus, a ring, 
when the moon passes across the centre of the sun, hiding sdl 
his light, with the exception of a ring on his outer edge, which 
the moon is too small to cover from the position in which it 
is seen. Pig. goe. 




Fig. 206 represents a solar eclipse, with the penumbra D, 
C, and the umora^j or dark shadow, as seen in the above figure. 

When the moon is at its greatest distance from the earth, . 
its shadow m o, sometimes terminates, before it reaches the 
earth, and then an observer standing directly under the point 
o, will see the outer edge of the sun, forming a bright ring 
around the circumference of the moon, thus forming an annv- 
lar eclipse. 

The penumbra D C, is only a partial interception of tlie 
sun's rays, and in annular eclipses it is this partial shadow on- 
ly whicn reaches the earth, while the umbra, or dark shadow, 
terminates in the -air. Hence annular eclipses are never to- 
tal in any part of the earth. The penumbra, as already stated, 
may cover more than 4000 miles of space, while the umbra 
never covers more than 200 miles in diameter ; hence partial 
eclipses of the sun may be seen by a vast number of inhabi- 
taqts, while comparatively few will witness the total eclipse. 

When there happens a total solar eclipse to us, we are eclips- 
ed to the moon, ana when the moon is eclipsed to us, an eclipse 
of the sun happens to the moon. To the moon, an eclipse 

What is meant by penumbra 1 What will be the difference in the aspect 
of Uie ecUpse, whether the observer standi within the dark shadow, or onl^ 
withm the penumbra 1 What is meoFit by annular eclipses *? Are annular 
eclipses ever total in any part of the earth 1 In anrndftf edipses, what pait 
of the moon's shadow reaches the eardi 1 

23 
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of the earth can never be total, since her shadow coven only 
a amall portion of the earth's surface. Such an eclipse, there- 
fore, at the moon, appears only as a dark spot on me face of 
the earth ; but when tne moon is eclipsed to us, the sun is par- 
tiaDy ecUpsed to the moon for several hours longer than the 
moon is eclipsed to us. 

The Tides. 

The ebbing and flo^ving of the sea, which regularly takes 
place twice in 24 hours, are called the tides. The cause oi 
the tides, is the attraction of the sun and moon, but chiefly oj 
the moon, on the waters of the ocean. In virtue of the universal 
principle of gravitation, heretofore explained, the moon, by 
Ker attraction, draws, or raises the water towards her, but be- 
cause the power of attraction diminishes as the squares of the 
distances increase, the waters, on the opposite side of the 
earth, are not so much attracted as they are on the side nearest 
the moon. This want of attraction, together with the greater 
centrifugal force of the earth on its opposite side, produced in^ 
cxmsequence of its greater distance from the common centre 
of gravity, between the earth and moon, causes the waters to 
rise on ttie opposite side, at the same time that they are raised 
by direct attraction on the side nearest the moon. 

Thus the waters are constantly elevated on the sides of the 
earth opposite to each other above their common* level, and 
consequently depressed at opposite points equally distant from 
these elevations. 

Let rrix fig. 209, be the moon, and E the earth covered with 

Fig. 909. 





water. As the moon passes round the earth, its solid and fluid 

Sarts are equally attracted by her influence according to their 
ensities ; but while the solid parts are at liberty to move only 
as a whole, the water obeys the slightest impulse, and thus 
tends towards the moon where her attraction is the strongest. 

What is said concerning eclipses of the earth, as seen from the moon ^ 
What are the tides ? What is me catise of the tides 1 What caiiaee thi. 
tide to rise on the side of the earth opposite to the moon ? 
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Consequently the waters are perpetually elevated immediately 
under the moon. If therefore the earth stood still, the influ- 
ence of the moon's attraction would raise the tides only as she 
passed round the earth. But as the earth turns on her axis 
every 24 hours, and as the waters nearest the moo(i, as at a, 
are constantly elevate'd, they will, in the course of 24 hours, 
move round the whole earth, and consequently from this cause 
there will be high water at every place once in 24 hours. As 
the elevation of the waters under the moon causes their de- 
pression at 90 degrees distance on the opposite sides of the 
earth d and c, the point c will come to the same place, by the 
earth's diurnal revolution, six hours after the point a, because 
c is one quarter the circumference of the earth from the point 
o, and therefore there will be low water at any given place 
six hours after it was high water at that place. But while it is 
high water under the moon, in consequence of her direct at- 
traction, it is also high water on the opposite side of the earth 
in consequence of her diminished attraction, and the earth's 
centrifugal motion, and therefore it will be high water from 
this cause twelve hours after it was high welter from the former 
cause, and six hours after it was low water from both causes. 

Thus, when it is high water at a and &, it is low water at c 
and (Z, and as the earth revolves once in 24 hours, there will 
be an alternate ebbing and lowing of the tide, at every place, 
once in six hours. 

But while the earth turns on her axis, the moon advances in 
her orbit, and consequently any given point on the earth will 
not come under the moon on one day so soon as it did on the 
day before. For this reason, high or low water at any place 
comes about fifty minutes later on one day than it did the day 
before. 

Thus far we have considered no other attractive influence 
except that of the moon, as affecting the waters of the ocean. 
But the su|i, as already observed, has an effect upon the tides, 
though on account of his great distance, his influence is small 
when compared with that of the moon. 

When the sun and moon are in conjunction, as represented 
in fig. 209, which takes place at her change, or when they are 

If tlie earth stood still, the tides would rise only as the moon passes round 
the earth ; what, then, causes the tides to rise twice in 34 Hours 1 When it 
is lugh water under the moon by her attraction, what is the cause of hiffh 
water on the opjposite side of the earth, at the same time '\ Why aie &m 
.tides about 50 minutes later every day 1 
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in opposition, which takes place at full moon, then their forces 
are united, or act on the waters in the same direction, and con- 
sequently the tides afe elevated higher than usual,' and on this 
account are called spring tides. 

But when the moon is in her quadratures, or quarters, the 
attraction of the sun tends to counteract that of the moon, and 
although his attraction does not derate the waters and pro- 
duce tides, his influence diminishes that of the moon, and con- 
sequently the elevation of the waters are less when the sun 
and moon are so situated in respect to each other, than when 
they are in conjunction, or opposition. 

Fig. 210. 





This effect is represented hy fig. 210, where the elevation 
of the tides at c and d is produced by the causes already ex- 
plained ; but their elevation is not so great as in fig. 206, since 
the influence of the sun acting in the direction a &, tends to 
counteract the moon's attractive influence. These small tides 
are called neap tides, and happen only when the moon is in 
her quadratures. 

The tides are not at their greatest heights at the time when 
the moon is at its meridian, but sometime afterwards, because 
the water, having a motion forward, continues to advance by 
its own inertia, sometime after the direct influence of the moon 
has ceased to affect it. 

Latitude and Longitude. 

Latitude is the distance from the equator in a direct line, 
north or south, measured in decrees and minutes. The num- 
ber of degrees is 90 north, and as many south, each line on 
which these degrees are reckoned running from the equator 
to the poles. Flaces at *he north of the equator are in north 
latitude, and those south of the equator are in south latitude. 
The parallels of latitude are imaginary lines drawn parallel to 

What produces gprin^ tides 1 Where must the moon be in xespect to the 
sun, to produce spring tides ? What is the occasion of neap tides r What 
IS latitude? 
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die equator, either north or south, and hence every place 
situated on the same parallel, ia in the same latitude, be- 
cause every sach place must be at the same distance from 
the eq^uator. The length of a degree of latitude is 60 geo- 
graphical miles. 

Longitude is the distance mefnuredin degrees and minutea 
eithn east or west, from any civen point, on the equator, or 
on any parallel of latitude. Hence the Uiies, or meridians of 
longitude cross those of latitude at right angles. The degrees 
of longitude are 180 in number, ila lines extending half a 
drcle to the east, and half a circle to the west, from any pven 
meridian, so as to include the whole circumference of the 
earth. A degree of lon^tude, at the equator, is of the same 
length as a degree of latitude, but as the poles are approached, 
the degrees of longitude diminish in length, because the 
earth grows smaller in circumference, from the equator to- 
wards the poles ; hence the hnes surrounding it become less 
and less. This will be piade obvious by fig. 211. 

^- 311- Let this figure represent the 

Jf earth, JV being the north pole, 

S the south pole, and E W the 

equator. The lines 10, 90, 30, 

and BO on, are the parallels of 

latitude, and the lines N a S N, 

' b S, &.C. are meridian lines, or 

IT those of longitude. 

The latitude of any place on 
the globe, is the munber of de- 
grecs between that place and the 
equator, measured on a meridian 
line ; thus x is in latitude 40 
degrees, because the x g part of 
the meridian contains 40 degrees. 

> The longitude of a place. is the number of degrees it is situ- 
ated east or west from any meridian line ; thus » is 20 de^ees 
west longitude from x, and :r is 20 degrees east longitude 
fromn. 

As die equator divided the earth into two equal parts, or 
hemispheres, there seems to be a natural reason why the de- 
How rasjm degrees of latitude are Ihcre 1 How &I da the lines of latitude 
'«nend1 What b meant by north and south lalitudcl What are the paral- 
leli or latitude! What a kmgjtudel How maoy dcgnea of longitode an 
there, east or west "i Wtut ii the latitude of any idocc 1 What B the lonp- 
tude of a place 1 
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Srees of latitude should be reckoned from this great circle, 
ut from east to west there is no natural division of the earth, 
each meridian line being a great circle, dividing the earth 
into two hemispheres, and hence there is no natural reason 
why longitude should be reckoned from one meridian any- 
more than another. It has, therefore, been customary for 
writers and mariners to reckon longitude from the capital of 
their own country, as the English from London, the French 
from Paris, and the Americans from Washington. But this 
mode, it is apparent, must occasion much confusion, since each 
writer of a different nation would be obliged to correct the 
longitude of all other countries, to make it-agree with his own. 
More recently, therefore, the writers of Europe and America 
have selected the royal observatory, at Greenwich, near Lon- 
don, as the first meridian, and on most maps and charts lately 
published, longitude is reckoned from that place. 

The latitude of any place is determined by taking the alti- 
tude of the sun at mid-day, and then s^ubtracting this from 90 
degrees, making proper allowances for the sun's place in the 
heavens. The reason of this will be understood, when it is 
considered that the whole number of degrees from the Zenith 
to the horizon is 90, and therefore, if we ascertain the sun's dis- 
tance from the horizon, that is, his altitude, by allowing for 
the sun's declination north or south of the equator, and sub- 
tracting this from the whole number, the latitude of the place 
will be found. Thus, suppose that on the 20^ of March, when 
the sun is at the equator, his altitude from any place north of 
the equator should be found to be 48 degrees above the hori- 
zon ; this, subtracted from 90, the whole number of the de- 
grees of latitude, leaves 42, which will be the latitude of the 
place where the observation was made. 

If the sun, at the time of observation, has a declii^ation, 
north or south of the equator, this declination must be added 
to, or subtracted from, the meridiaji altitude, as the case may 
be. For instance, another observation being taken at the 
place where the latitude was found to be 42, when the sun 
nad a declination of 8 degrees north, then his altitude would 
be 8 degrees greater than before, and therefore 56, instead of 

Why are the degrees of latitude reckoned from the equator 1 What ia 
said cohoernmg the places from which the ^degrees of longitude have been 
reckoned ? Wlat is the inconyenicnce of estimating longitude from a place 
in each country 1 FVom what place is longitude reckoned in Europe and 
America 1 
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48. Now, subtracting this 8, the sun's declination, from 56, 
and the remainder froip 90, and the latitude of the place will 
be found 42, as before. If the sun's declination be south of 
the equator, and the latitude of the place north, his declina- - 
tion must be added to the meridian altitude, instead of being 
subtracted from it. The same result may be obtained by 
taking the meridian altitude of any of the fixed stars, whose 
declinations are known, instead of the sun's, and proceeding 
as above directed. 

There is more difiiculty in ascertaining the degrees of lon- 
gitude, than those of latitude, because, as above stated, there 
is no fixed point, like that of the equator, from which its degrees 
are reckoned. The degrees of longitude are therefore estimated 
from Greenwich, and are ascertained by the following methods : 

When the sun comes to the meridian of any place, it is 
noon, or 12 o'clock, at that place, and therefore, since the 
equator is divided into 360 equal parts, or degrees, and since 
the earth turns on its axis once in 24 hours, 15 degrees of the 
equator will correspond with one hour of time, for 360 de- 
grees being divided by 24 hours, will give 15. The earth, there- 
fore, moves in her daily revolution, at the rate of 15 degrees 
for every hour of time. Now, as the apparent course of the 
sun is from east to west, it is obvious that he will come to any 
meridian Ijdng east of a given place, sooner than to one lying 
west of that place, and therefore it will be 12 o'clock to the 
east of any place, sooner than at that place, or to the west of 
it. When, therefore, it is noon at any one place, it will be 1 
o'clock at all places 15 degrees to the east of it, because the 
sun was at the meridian of such places an hour before ; and so, 
on the contrary, it will be 11 o'clock, 15 degrees west of the 
same place, because the sun has still an hour to travel, before 
he* reaches the meridian of that place. It makes no ^ifier- 
ence, then, where the observer is placed, since if it is 12 
o'clock where he is, it will be 1 o'clock 15 degees to the east 
of him, and 11 o'clock 15 degrees to the west of him, and so 

How is the latitude of a place determined 1 Give an example of the method 
of finding the latitude of the same place at difiR^rent seasons of the year. 
When must the sun's decimation from the equator be added to, and when 
Hubtracted from, his meridian altitude 1 Why-is there more difficulty in as- 
certaining the degrees of longitude than of latitude 1 How many degrees of 
fengitnde does the surface of the earth pass through in an hour 1 Suppose it 
is noon at any given place, what o'clock will it be 15 degrees to the east of 
that place 1 Explain the reason. How may longitude be detenmned by an 
ecUpse? 
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in thitf proportion, let the time be more or less. Now, if any 
celestial phenomenon should happen, «uch as an eclipse of 
the moon, or of Jupiter's satellites, the difierence of longitude 
between two places where it is observed, may be determined 
by the difference of the times at which it appeared to take 
place. Thus, if the moon enters the earth's shadow at 6 
o'clock in the evening, as seen at Philadelphia, and at half 
past 6 o'clock at another place, then this place is half an hour, 
or 71 degrees, to the east of Philadelphia, because 7^ degrees 
of longitude are equal to half an hour of time. To apply these 
observations practically, it is only necessary that it should be 
known exactly at what time the eclipse takes place at a given 
point on the earth. 

Longitude is also ascertained by means of a chronometer, 
or true time piece, adjusted to any given meridian ; for if the 
difference between two clocks, situated east and west of each 
other, and going exactly at the same rate, can be known, at 
the same time, then the distance between the two meridians 
where the clocks are placed will be known, and the di^rence 
of longitude may be found. 

Suppose two chronometers, which are known to go at ex- 
actly tne same rate, are made to indicate 12 o'clock by the 
meridian line of Greenwich, and the one be taken to sea, whlTe 
the other remains at Greenwich. Then suppose the captain, 
who takes his chronometer to sea, bas occasion to know his 
longitude. In the first place, he ascertains, by an observation 
of the sun, when it is 12 o'clock at the place where he is, and 
then by his time piece, when it is 12 o'clock at Greenwich, 
and by allowing 15 degrees for every hour of the difference in 
time, he will know his precise longitude in any part of the 
world. For example, suppose the captain sails with his clyo- 
nometer for America, and afler being several weeks at sea, 
finds by observation, that it is 12 o'clock by the sun, and ai 
the same time findd by his chronometer, that it is 4 o'clock at 
Greenwich. Then because it is noon at his place of obser- 
vation after it is noon at Greenwich, he knows that his longi- 
tude is west from Greenwich, and by allowing 16 degrees for 
every hour of the difference, his longitude is ascertained. 

Exj^ain the principles on which longitude is determined by the chronome- 
tar. Suppose the caiitain finds by his dironometer that it is 12 o'clock, where 
lie IS, 6 boun later than at Greenwich, what then would be his longitude 1 
SuppoBB he finds it to be 12 o'clock 4 hours earlier where he is/ti^an at 
Greenwich, what then would be his Icmgitade 1 
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Thus, 15 degrees, multiplied by 4 hours, give 60 degrees of 
west longitude from Greenwich. If it is noon at the place of 
observation, before it is noon at Greenwich, then the captain 
knows that his longitude is east, and his true place is found 
in the same manner. 

Fixed Stars, 

The stars are c/sXledi fixed, because they have been observed 
not to change their places with respect to each other. They 
may be distinguished by the naked eye from the planets of 
our system by their scintillations, "or twinkling. The stars 
are divided into classes, according to tlieir magnitudes, and 
are called stars of the first, second, and so on to the sixth 
magnitude. About 2000 stars may be seen with the naked 
eye in the whole vault of the heavens, though only about 1000 
are above the horizon at the same time. Of these, about 17 
are of the first magnitude, 50 of the 2d magnitude, and 150 of 
the 3d magnitude. The others are of the 4th, 5th, and 6th 
magnitudes, the last of which are the smallest that can be dis- 
tinguished with the naked eye. 

ft might seem incredible, that on a clear night only about 
1000 stars are visible, when on a single glance at the diflferent 
parts of the firmament, their numbers appear innumerable. 
But this deception arises from the confused and hasty manner 
in which they are viewed, for if we look steadily on a particu- 
lar portion of sky, and count the stars contained within cer- 
tain limits,, we shall be surprised to find their number so few. 

As we have incomparably more light from the moon, than 
from all the stars together, it is absurd to suppose that they 
wc^re made for no otner purpose than to cast so faint a glim- 
mering on our earth, and especially as a great proportion of 
them are invisible to our naked eyes. The nearest fixed stars 
to our system, from the most accurate astronomical calcula- 
tions, cannot be nearer than 20,000,000,000,000, or 20 tril- 
lions of miles from the earth, a distance so immense, that light 
cannot pass through it in less than three years. Hence were 
these stars annihilated at the present time, their light would 

Why are the stars called fixed 1 How may the stars be distinguished from 
the planets 1 The stars are divided into classes, according to their nu^rni- 
tudes ; how many classes are there 1 How many stars may be seen with 
the naked eye, in the whole firmament? Why does there appear to be more 
stars than there really are % What is the computed distance of the nearest 
fixed stars from the earth 1 
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continue to flow towards us, and they would appear to be in 
ihe same situation to us, three years hence that they do now* 

Our siin, seen from the distance of the nearest fixed stars, 
would appear no larger than a star of the first magnitude does 
lo ns. These stars appear no larger to us, when the earth is 
in that part of her orbit nearest to them, than they do, when 
she is in tlie opposite part of her orbit ; and as our distance 
from the sun is 95,000,000, of miles, we must be twice this 
distance, or the whole diameter of the earth's orbit, nearer a 
giycn fixed star at one period of the year, than at another 
The diUbrcncc, therefore, of 190,000,000 of miles, bears so 
small a proportion to the whole distance between us and the 
fixed stars, as to make no appreciable diflerence in their sizes, 
even when assisted by the most powerful telescopes. 

The amazing distances of the fixed stars may also be infer- 
red from the return of comets to our system, after an absence 
of several hundred years. 

The velocity with which some of these bodies move, when 
nearest the sun, has been computed at nearly a million of 
miles in an hour, and ahhough tlieir velocities roust be per* 
petually retarded, as they recede from the sun, still in 250 
years of time, they must move through a space, which to us 
would be infinite. The periodical return of one comet 
is known to be upwards of 500 years, making more than 
260 years in performing its journey to the most remote part 
of its orbit, and as many in returning back to our system ; 
and that it must still always be nearer our system than the 
fixed stars, is proved by its return ; for by the laws of gravi- 
tation, did it approach nearer another system it would never 
again return to ours. 

From such proofs of the vast distances of the fixed stars, 
there can be no doubt that they shine with their own light, 
like our sun, and hence the conclusion that they are suns to' 
other worlds, which move around them, as the planets do 
around our sun. Their distances %vill, however, prevent our 
ever knowing, except by conjecture, whether this is the case 
or not, since, were they millions of times nearer us than they 

How long would it take light to reach us from the fixed stars 1 How lai^ge 
would our sun appear at the distance of the fixed stars 1 What is said con- 
cemin^ the difierence of the distance hetwccn the earth and the fixed stars 
At difierent seasons of the year, and of their different appearances in conse- 
quence 1 How may the distances of the fixed stars be inferred by the long 
absence and return of comets ? On what grounds is it supposed that tiw 
fixed stars axvt buo" tn wihmr woddel 
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are, we should not be able to discover the reflected light of their 
planets. 

Comets, 

Besides the planets, which move round the sun in regular 
order and in nearly circular orbits, there belongs to the solar 
system an unknown number of bodies called Comets^ which 
move round the sun in orbits exceedingly eccentric, or ellipti- 
cal, and whose appearance among our heavenly bodies is on- 
ly occasional. Comets, to the naked eye, have no visible disc, 
but shine with a faint glimmering light, and are accompanied 
by a train or tail, turned from the sun, and which is sometimes 
of immense length: They appear in every region of the 
heavens, and move in every possible direction. 

In the days of ignorance and superstition, comets were con- 
sidered the narbingers of war, pestilence, or some other great 
or general evil ; and it was not until astronomy had made con- 
siderable progress as a science, that these strangers could be 
seen among our planets without the expectation of some dire- 
ful event. 

It had been supposed that comets moved in straight lines, 
coming from the regions of infinite, or unknown space, and 
merely passing by our system, on their way to regions equally 
unknown and infinite, and from which they never retumea. 
Sir Isaac Newton was the first to demonstrate that comets pass 
round the sun, like the planets, but that their orbits are ex- 
ceedingly elliptical, and extend out to a vast distance beyond 
the solar system. 

The number of comets is unknown, though some astrono- 
mers suppose that there are nearly 600 belonging to our sys- 
tem. Ferguson, who wrote in about 1760, supposed that there 
were less than 30 comets which made us occitsional visits ; 
but since that period the elements of the orbits of nearly 100 
of these bodies have been computed. 

Of these, however, there are only three whose periods of re- 
turn among us are known with any degree of certainty. The 
first of these has a period of 75 years ; the second a period of 
129 years ; and the third a penod of 575 years. Tne third 
appeared in 1680 : and therefore cannot be expected again 



What number of comets are suppoeed to belong to our system 1 How manj 
have had the elements of their orbits estimated by astronomers 7 How xoanj 
me there whose periods of return are known 1 
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until the jrear 2225. This'coinet, in 1680, exdled the most 

intense interest among the aetronomera of EUiropc, on account 

Fig. 213. of its ^eat apparent size and 

approach to our system. 

e most remote part of its 

, its distance from the 

w&B estimated at about 

in thousand two hundred 

onsof miles. Atitsnear- 

pproach to the aun, which 

anly about 60,000 miles, 

its velocity, according to Sir Isaac Newton, was 880,000 miles 

in an hour; and supposing it to have retained the eun's heat. 

like other solid bodies, its temperature must have been about 

2000 times that of red hot iron. The tail of this comet was at 

least 100 millioiis of miles long. 

In the Edinburgh Encyclopedia, article Astronomy, there 
is tlie most complete table of comets yet published. This 
table contains the elements of 97 comets, calculated by diSbr- 
ont astronomers, down to the year 1808. 

From this table it appears that 34 comets hare passed be- 
tween the sun and the orbit of Mercury; 33 between the or- 
bits of Venus and the Earth ; 15 between the orbits of the 
Earth and Mars ; 3 between the orbits of Mars and Ceres ; 
and 1 between the orbits of Ceres and Jupiter. It also ap- 
pears by this table that 49 comets have moved round the sun 
trom west to east, and 48 from east to west. 

Of the nature of Ihese wandering planets very little is known. 
When examined by a telescope, they appear like a mass oi 
vapours surrounding a dark nucleus. When the comet is 
at its perihelion, or nearest the sun, its color seems to be 
heightened by the intense light or heat of that luminary, and 
it then oflen shines with more brilliancy than the planets. At 
thb time the tail or train, which is always directly opposite to 
the sun, appears at its- greatest length, but is commonly so 
transparent as to permit the fixed stars to be seen through it. 
A variety of opinions have been advanced by astronomers con- 
cerning the nature and cause of these trains. Newton sup- 
posed that they were thin vapour, made to ascend by the sun's 
heat, as the smoke of a fire ascends from the earth ; while 
Kepler maintained that it was the atmosphere of the comet 
driven behind it by the impulse of the sun'a rays . Odiera 
Wha ia uid of the amxt of 1680 1 
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fluppose that this appearance arises from streams of electric 
matter passing away from the comet, &c. 



ELECTRICITY. 

The science of Electricity, which now ranks as an impor- 
tant branch of Natural Philosophy, is wholly of modern date. 
The ancients were acqiriinted with a few detached facts de- 
pendent on the agency of electrical influence, but they never 
imagined that it was extensively concerned in the operations 
of nature, or that it pervaded material substances generally. 
The term electricity is derived from electron, the Greek name 
of amber, because it was known to the ancients, that when 
that substance was rubbed or excited, it attracted or repelled 
small light bodies, and it was then unknown that other sub- 
stances when excited would do the same. 

When a piece of glass, sealing wax, or amber, is rubbed 
with a dry hand, and held towards small and liffht bodies, 
such as threads, hairs, feathers, or str^iws, these bodies will fly 
towards the surface thus nibbed, and adhere to it for a short 
time. The influence by which these small substances are drawn, 
is called electrical attraction ; the surface having this attractive 
power is said to be excited; and the substances susceptible 
of this excitation, are called electrics. Substances, not having 
tliis attractive power when rubbed, are called non-electrics. 

The principal electrics are amber, rosin, sulphur, glass, the 
precious stones, sealing wax, and the fur of quadrupeds. But 
tlie metals, and many other bodies, may be excited when insu- 
lated and treated in a certain manner. 

After the light substances, which had been attracted by the 
excited surface, have remained in contact with it a short time, 
the force which brought them together ceases to act, or acts 
in a contrary direction, and the light bodies are repelledj or 
thrown away from the excited surface. Two bodies, also, 
which have been in contact with the excited surface, mutual- 
ly repel each other. 

Various modes have been devised for exhibiting distinctly the 
attractive and repulsive agencies of electricity, and for obtain- 
ing indications of its presence, when it exists only in a feeble de- 
gree. Instruments for this purpose are termed Electroscopes, 

^ From what is the term electricity derived'? What is electrical attrac- 
tion ] What are electrics 1 What are non-electrics 1 What are the princi- 
pal electricg 1 What is meant by electrical repulsion 1 What is an eiectn^ 
Mopel 

«4 
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OkM of the simplest instruments of this kind consists of a 
Fig.SlS. metallic needle, terminated at 

each end by a light ^ith ball, 
which is covered with gold leaf, 

• 80 and supported horizontally at 

I its centre by a fine point, fig. 

II 213. When a stick of sealing 
II wax, or a glass tube, is excited, 
J I and then presented to one of 

^3 these balls, the motion of the 

needle on its pivot will indicate 
the electrical influence. 
If SB excited substance be brought near a ball made of pith, 
F%. 314. or cork, suspended by a silk 

thread, the ball will, in the first 
I N^ I 7* place, approach the electric as at 
I \ ^1 / # ^ ^S' ^^^ indicating an attrac- 

I ^ I • M tion towards it, and if the posi- 

I ^^ I ^ tion of the electric will aUow, 

I ^ I M the ball will come into contact 

Jw T cA^ ^*^ ^® electric, and adhere to 

^"^ it for a short time, and will then 

reeede from it, sbowinf that it is repelled as at b. If now the 
bafl which had tonchea the electric, be brought near another 
faaD, which has had no communication with an excited sub- 
stance, thes^ two balls will attract each other, and come into 
ooDtaet ; after which they will repel each other, as in the for- 



It appears, therefore, that the excited body', as the stick of 
sealing wax,' imparts a portion of its electricity to the ball, 
and that when the ball is also electrified, a mutual repulsion 
iImd tokes place between them. Afterwards, the ball, being 
dectrified by contact with the electric, when brought near 
another baU not electrified, transfers a part of its 3ectrical 
influence to that, after whidli these two balls repel each other 
as in the former instance. 

Thus, when one substance has a greater or less quantity of 
electricity than another, it will attract the other substance, 
and when they are in contact, will impart to it a portion of this 
«wperabundance ; but when they are both equally electrified, 
^•«4li having more or less than their natural quantity of elec- 
*»le liy, they will repel each other. 

WkiodotwoclectiifM bodies «ttnc^ and when do tlieyrepd eadi uCher 
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To account for these phenomena, two theories hare been 
advanced, one by Dr. Franklin, who supposes there is only 
one electrical fluid, and the other by Du Fay, who supposes 
there are two distinct fluids. 

Dr. Franklin supposed that all terrestrial substances were 
pervaded with the electrical fluid, and that by exciting an elec- 
tric, the equilibrium of this fluid was destroyed, so that one 
part of the excited body, contained more than its natural quan- 
tity of electricity, and the other part less. If in this state a 
conductor of electricity, as a piece of metal, be brought near 
the excited part, the accumulated electricity would be impart- 
ed to it, and then this conductor would receive more than its 
natural quantity of the electric fluid. This he called positive 
electricity. But if a conductor be connected with that part 
which has less than its ordinary share of the fluid, then the 
conductor parts with a share of its own, and therefore will then 
contain less than its natural quantity. This he called negative 
electricity. When one body positively, and another negative- 
ly electnfied, are connected by a conducting substance, the 
fluid rushes from the positive to* the negative body, and the 
equilibrium is. restored. Thus bodies which are said to be 
positivel^r electrified contain more than their naturaLquantity 
of electricity, while those which are negatively electrified 
contain less than their natural quantity.* 

The other theory is explained thus. When a piece of glass 
is excited and made to touch a pith ball, as above stated, then 
thart ball will attract another ball, after which they will mutu- 
ally repel each other, and the same will happen if a piece of 
sealing wax be used instead of the glass. But if a piece of 
excited glass, and another of wax, be made to touch two sepa- 
rate balls, they will attract each other; that is, the ball which 
received its electricihr from the wax will attract that which re- 
ceived its electricity from the glass, and will be attracted by it. 
Hence Du Fay concludes that electricity consists of two dis- 
tinct fluids, which exist together in all bodies — that they have 
a mutual attraction for each other — that they are separated by 

How win two bodies act, one having more, and the other less than the 
natural quantity of electricity, when brought near eaph other ? How will 
they act when both have more or less than their natural quantity 1 Explain 
Dr. Franklin's theory of electricity. What b meant by poaitive, and what 
by negative electricity 1 What is the consequence, when a jMsitive and a 
negative body are connected by a conductor 1 Explain Du Fay's theor^ 
When two balls are electrified, one with glass, and the other with wax, 
they attract or repel each other 1 
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the excitation of electrics, and that when thus separated, and 
transferred to non-electrics, as to the pith balls, their mutual 
attraction causes the balls to rush towards each other. These 
two principles he called vitreous and rcs^inous electricity. The 
vitreous being obtained from glass, and the resinous firom wax, 
and other resmous substances. 

Dr. Franklin's theory is by far the most simple, and will ac- 
count for most of the electrical phenomena equally well with 
that of Du Fay, and therefore has been adopted by the most 
able and recent electricians* 

It is found that some substances conduct the electric fluid 
from a positive to a negative surface with great facility, while 
others conduct it with difficulty, and others not at all. Sub- 
stances of the first kind are called conductorSy and those of the 
last, non-conductors. The electrics, or such substances as, 
being excited, communicate electricity, are all non-conduct- 
ors, while the non-electrics, or such substances as do not com- 
municate electricity on being merely excited, are conductors. 
The conductors are the metals," charcoal, water, and other 
fluids, except the oils ; also, smoke, steam, ice, and snow. The 
best conductors are gold, silver, platina, brass, and iron. 

Tlie electrics, or non-conductors, are glass, ambei:, sulphur, 
resin, wax, silk, most hard stones, and me furs of some ani- 
mals. 

A body is said to be insulated, when it is supported, or sur- 
rounded by an electric. Thus, a stool, standing on glass legs, 
is insulated, and a plate of metal laid on a plate of gl^ss, is 
insulated. 

When large quantities of the electric fluid are wanted for 
experiment, or for other purposes, it is procured by an elec- 
trical machine. These machines are of various forms, but all 
consist of an electric substance, of considerable dimensions ; 
the rubber by which this is excited, the prime conductor, on 
which the electric matter is accumulated, the insulator, which 
prevents the fluid from escaping, and machinery by which 
the electric is set in motion. 



What are the two electricities called 1 From what substances are the two 
•lectricities obtained 1 What are conductore 7 What are non-conductors 1 
What substances are conductors ? What substances are the best conductors 1 
What substances are electrics, or non-conductors 1 When is a body said to 
b« insulated 1 WhtJb are the several parts of an electrical machine 1 



eiECTIUCITY. 

E^.SU6. 



Fi^. 215 repreaents such a tncichiiie, of frhich A ia the 
electnc, being a cylinder of kIms; B Ihe prime conductor, 
R die rubber or cughion, anaC a chain connecting- the rub- 
ber with the ground. The prime conductor ia supported by 
a Btandard of glass. Sometiines, also, the pillare which sup- 
port the axis of the cylinder, and that to which the cushion is 
attached, are made of the same material. The prime con- 
ductor has several wires inserted into its side, or end, whibh 
are pointed, and stand with the points near the cylinder. 
They recdve the electric fluid from the glass and convey it 
to the conductor. The conductor is commonly made of sheet 
braas, there being no advantage in having it solid, as the 
electric fluid is always confined endrely to .the emface. 
Even paper, covered with gold leaf, .ia as eSbcdve in this 
respect, as though the whole was of solid gold. The cushion 
ia attached to a standard, which is furnished with a thumb 
screw, so that itspressure on the cylinder can be increased 
or diroiniahed. The cushion ia made of leather, atnfied, and 
at ita upper edge there is attached a tlap of silk, F, by which 
a greater surface of the glass is covered, and the electric flnid 

What ia tbe Dae of tlie pointed wirea in the prime oonductoi 1 How a b 
■commted fiir, that a mere lurfajs of metal will cmtai^ lu nnicll electoi 
Btii, u though h tntBtoOii'l When a ^ iwe of dan, or sealing wax, u ev 
eilad, by nd>t>uigit wkh the huid, or a piao of dk, >vhanascc(aMlliBele» 
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Ihui preventedt in some degree, from escaping. The efficacy 
of the rubber in producing the electric excitation is much in- 
creased by spreading on it a small quantity of an amalgam of 
tin and mercury, mixed with a little lardy or other unctuous 
substance. 

The manner in which this machine acts, may be inferred 
from what has already been said, for when a stick of sealing 
wax, or a glass tube, is rubbed with the hand, or a piece of 
silk, the electric fluid is accumulated on the excited substance, 
and therefore must be transferred from the hand, or silk, to 
the electric. In the same manner, when the cylinder is made 
to revolve, the electric matter, in consequence of the friction, 
leaves the cushion, and is accumulated on the glass cylinder,. 
that is, the cushion becomes negatively, and the glass posi- 
tively electrified. The fluid, being thus excited, is prevented 
from escaping by the silk flap, until it comes to the vicinity 
of the metalhc points, by which it is conveyed to the prime 
conductor. But if the cushion is insulated, the quantity of 
electricity obtained, will soon have reached its limit, for when 
its natural quantity has been transferred to the glass, no more 
can be obtained. It is then necessary to make- the cushion 
communicate with the ground, which is dgne by laying the 
chain on the floor, or table, when more of the fluid wul be 
accumulated, by further excitation, the ground being the inex 
haustible source of the electric fluid. 

If a person who is insulated, takes the chain in his hand, the 
electric fluid will be drawn from him, along the chain to the 
cushion, and from the cushion will be transferred to the prime 
conductor, and thus the person will become negatively elec- 
trified. If then, another person, standing on the floor, hoM 
his knuckle near him who is insulated, a spark of electric fire 
will pass between them, with a crackling noise, and the 
equilibrium will be restored; that is, the electric fluid will 
pass from him who stands on the floor, to him who stands on 
the stool. But if the insulated person takes hold of a chain, 
connected with the prime condxictor, he may be considered 

^-^^-^—^^^^-^^^^—^^—-•- ' ■ »■ ■ M.M — ^ I -■■■■■ I. ■■■I . ^ 

When the cushion is insulated, why is there a limited quantity of electric 
matter to be obtained from iti What is then necessary, that more electric 
matter may he obluned from the cushion ? If an insulatied person takes the 
chain, connected^th tha cushion, in Iiis hand, what cliange will be pro- 
duced in his natural quantity of electricity 1 If the insulated penson takes 
Itold of the chain connected with the prime conductor, and the machine \» 
tmrkedi. )|hat then will be the change produced in his electrical state 1 




■^i 



ELECTRICITY. 



283 



as fonninff a part of the conductor, and therefore the electric 
fluid will be accumulated all over his surface, and he will be 
positively electrified, or will obtain more than his natural 
quantity of electricity. If now, a person standing on the floor 
touch this person, he will receive a spark of electrical fire 
from him, and the equilibrium will again be restored. 

If two persons stand on two insulated stools, or if they both 
stand on a plate of glass, or a cake of wax, the one person 
being connected by the chain with the prime conductor, and 
the other with the cushion, then, after working the machine, 
if they touch each other, a much stronger shock will be felt, 
tlian in either of the other cases, because the difiference be- 
tween their electrical states will be greater, the one having 
more and the other less than his natural quantity of electrici- 
ty. But if the two insulated persons both take hold of the 
cnain connected with the prime conductor, or with that con- 
nected with the cushion, no spark will pass .between them, on 
touching each other, because they will then both be in the 
same electrical state. 

We have seen, fig. 213, that the pith ball is first attracted 
and then repelled, by the excited electric, and that the ball so 
repelled will attract, or be attracted, by other substances in 
its vicinity, inr consequence of having received from the exci- * 
^ed body more than its ordinary quantity of electricity. 



Fig. 216. 




These alternate movements are amus- 
ingly exhibited, by placing some small 
lignt bodies, such as the figures of men 
and women, made of pith, or paper, be- 
tween two metallic plates, the one placed 
over the other, as in fig. 216, the upper 
plate communicating with the prime con- 
ductor, and the other with the ground. 
When the electricity is commimicated to 
the upper plate, the little figures, being at- 
tracted by the electricity, will juYnp up, 
and strike their heads against it, and haT- 
ing received a portion of the fluid, are in- 
stantly repelled, and again attracted by the 
lower plate, to which they impart their €lec- 



kf two insulated persons take hold of the two chains, one connected with 
l!^ prime conductor, and the other >with the cushion, what chaoiges will bt 
piMttcedl^ 
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tridty, and Ifaen are again attracted, and so fetch and eany tfi« 
electric fluid from one to the other, as Ions as the upper plate 
contains more than the lower one. In me same manner, a 
tomhler, if electrified on the. inside, and placed over light suh- 
stances, as pith balls, will cause them to dance for a consider- 
able time. 

This alternate attraction and repulsion, by moveable con- 
ductors, is also pleasingly illustrated with a ball; suspended 
by a silk string between two bells of brass, fiff. 217, one of 
Fig. SIX the bells being electrifieo» and the other 

communicating with the groimd. The 
alternate attraction and repulsion, 
moves the ball from one hell to the 
other, and thus produces a continual 
ringing. In all these cases, the phe- 
nomena will be the same, whether the 
electricity be positive or negative; 
for two bodies, being both positively, 
or negatively electrified, repel each 
other, but if one be electrified positive- 
ly, and the other negatively, or not at 
all, they attract each other. 

Thus a small figure, in the human 
shape, with the head covered with hair, when electrified, either 
positively or negatively, will exhibit an appearance of the ut- 
most terror, each hair standing erect, and diverging from the 
other, in consequence of mutual repulsion. A person stand- 
ing on an insulated stool, and highly electrified, will exhibit the 
same appearance. In cold, dry weather, the friction pro- 
duced' by combing a person's nair, will cause a less degree 
of the same/cfiect In either case, the hair will collapse, or 
shrink to its natural state, on carrying a needle near it, be- 
cause this conducts away the electric fluid. Instruments 
designed to measure the intensity of electric action, are called 
electrometers. 

Such an instrument is represented by fig. 2T8. It consists 
of a slender rod of lig]it wood, a, terminated by a pith baU, 
which serves as an index. This is suspended at the upper 

If they both take hold of the same chain, what wiU be the effedf Ex- 
plain the ve^Sp why the little images dance between the two metallic platea^ 
fig. 316. Ezplam fig. 217. Does it make any difference in rcsnpct to tha 
motion of the images, or of the ball between the bells, whether me electri- 
city be rantivB or neigative'? When a person b highly electrified, why doep 
lie ezhftil an appeaianoe of the utmost texTOTl W hat is an efectmneter 1 
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Kg. 218. ^ part of the wooden stem ft, bo as to play easily 
backwar(Js and forwards. The ivory semicir- 
cle c, is affixed to the stem, having its centre 
coinciding with the axis of motion of the rod, 
so as to measure the angle of deviation from 
the perpendicular, which the repulsion of the 
ball from the stem produces in the index. 

When this instrument is used, the lower end 

of the stem is set into an aperture in the prime 

conductor, and the intensity of the electric 

action is indicated by the number of degrees 

the index is repelled from the perpendicular. 

The passage of the electric fluid through a 

perfect conductor is never attended with light, 

oi ihe crackling noise, which is heard when it is transmitted 

, through the air, or along the surface of an electric. 

aleveral curious experiments illustrate this principle, for if 
fragments of tin foil, or other metal, be pasted on a piece of 
glass, so near each other that the electric fluid can pass be- 
tween them, the whole line thus formed with the pieces of 
motal, will be illuminated by the passage of the electricity 
from one to the other 

Fig. 219. 





In this manner, flgin'es or words may be formed, as in fig. 
219, which by connecting one of its ends with the prime con- 
ductor, and the other with the ground, will, when the electric 
fluid is passed through the whole, in the dark, appear one con- 
tinuous and vivid line of fire. 

Electrical light seems not to differ, in any respect, from the 
liffht of the sun, or of a burning lamp. Dr. Wollaston observ- 
ed, that when this light was seen through a prism, the ordina- 
ry colors arising from the decomposition of light were obvious. 

Describe that represented at fig. 219, together with the mode of using it. 
When the electric fluid passes along a perfect conductor, is it attended with 
light and noise, or not 7 'When it passes along an electric, or through the 
air, what phenomena does it exhibit 1 Descril* tlie experiment, fig, 219, in- 
tended to illustrate tliis principle. 
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The brilliaocj of electrical sparks is proportional to the 
eondoctiiig power of the bodies between* which it passes. 
When an imperfect conductor, such as a piece of wood, is em- 
ployed, die electric li^ht appears in faint, red streams, while, 
if passed between two pointed metals, its color is of a more 
brilliant red. Its color also differs, according to the kind of 
substance from, or to which, it passes, or it is dependant on 
peculiar circumstances. Thus, if the electric fluid passes be- 
tween two polished metallic surfaces, its color is nearly 
white ; but if the spark is received by the finger from such a 
surface, it will be violet The sparks are green, when taken 
by the finf^er from a surface of siiyered leather ; yellow, when 
taken (rom finely powdered charcoal ; and purpZe, when taken 
from the g^realer number of imperfect conductors. 

When the electric fluid is discharged from a point, it is 
always accompanied by a current of air, whether the electri- 
city be positive or negative. The reason of this appears to 
be, that the instant a particle of air becomes electrified, it re- 
pels, and is repelled by the point from which it received the 
electricity. 

Fig. 230. Several curious little experiments are 

made on this principle. Thus, let two cross 
wires, as in fig. 220, be suspended on a pi- 
vot, each having its point bent in a contrary 
direction, and electrified by being placed 
on the prime conductor of a machine. 
These points, so long as the machine is in 
action, will give off" stream's of electricity, 
i and as the particles of air repel the points 

by which they are electrified, the little ma- 
chine will tumTound rapidly, in the direction contrary to that 
of the stream of electricity. Perhaps, also, the reaction of 
the atmosphere against the current of air given oflT by the 
points, assists in giving it motion. 

When one part, or side of an electric, is positively, the other 
part, or side, is negatively electrified. Thus, if a plate of glas& 
oe positively electrified on one side, it will be negatively elec- 

What 19 tbe appearance of electrical light through a prism 1 What is siud 
concerning the different colors of electrical light, when passing between 
sorftces of different kinds 1 Describe fig. 220, and explain the principle on 
which its motion depends. Suppose one part, or side of an eIcctriC| is podtii^ 
what will be the electrical state of the other side or part ? 
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trified on the other, and if the inside of a glass vessel be posi- 
tive, the outside will be negative. 

Advantage of this circumstance is taken, in the construc- 
tion of electrical jars, called, from the place where they were 
first made, Leyden vials. 

Fig. 221. The most common form of this jar is repre- 

sented by fig. 221. It consists of a glass ves- 
sel, coated, on both sides, up to a with tinfoil ; 
the upper part being left naked, so as to pre- 
vent a spontaneous discharge, or the passage 
of the electric fluid from one coating to the 
other. A metallic rod, rising two or three 
inches above the jar, and terminating at the 
top with a brass ball, which is called me knob 
of the jar, is made to descend through the cover, 
till it touches the interior coating. It is along 
this rod that the charge of electricity is con- 
veyed to the inner coating, while the outer 
coating is made to communicate with the ground. 

When a chain is passed from the prime conductor of an 
electrical machine to this rod, the electricity is accumulated 
on the tin foil coating, while the glass above the tin foil pre- 
vents tls escape, and thus the jar becomes charged. By con- 
necting together a sufficient number of these jars, any quan- 
tity of the electric fluid may be accumulated. For tnis pur- 
pose all the mterior coatings of the jars are made to commu- 
nicate with each other, by metallic rods passing between 
them, and Anally terminating in a single rod. A similar 
union is also established, by connecting the external coats 
with each other. When thus arranged, the whole series may 
be charged, as if they formed but one jar, and the whole 
series may be discharged at the same instant. Such a com- 
bination of jars is termed anelectrical battery. 

For the purpose of making a direct communication between 
the inner and outer coating of a single jar, or battery, by which 
a discharge is eflected, an instrument called z discharging rod 
is employed. It consists of two bent metallic rods, termina- 
ted at one end by brass balls, and at the other end connected 

What part of the electrical apparatus is constracted on this principled 
How is the Leyden vial constructed 1 Why is not the whole surface of the 
^ial covered with the tin foil ? How is the Leyden vial cha^^ 1 In what 
manner may a number of these vials be charged 7 What is an electrical 
batteiyl 
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bj m kMBt. This joint is fixed to the end of a glass nandle: 
and tne rods beimr moveable at the joint, the balls can be sep- 
wmled, or brought near each other, as occasion requires. 
When opened to a proper distance, one ball is made to touch 
the tin foQ on the oot^de of the jar, and then the other is 
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brought in contact with the knob- 
of the jar, as seen in fig. 22S2. In 
this manner a discharge is effect- 
ed, or an equilibrium produced 
between the positive and negative 
sides of t^e jar. 

When it is desired to pass the 
charge through any substance for 
experiment, men an electrical cir- 
cuit must be established, of which 
the substance to be experimented 
on, must form a part. That is, 
the substance must be placed between the ends of two metal 
lie conductors, one of which conmnunicates with the positive, 
and the other with the negative side of the jar, or battery. 

When a person takes the electrical shock in the usual man- 
ner, he merely takes hold of the chain connected with the 
outside coatinff, and the battery being charged, touches the 
knob with his finger, or with a metallic rod. On making this 
circuit, the fluid passes through the person from the positive 
to the negative side. 

Any number of persons may receive the electrical shock, 
by taking hold of each other*s hands, the first person touching 
the knob, while the last takes hold of a chain connected with 
the external coating. In this manner, hundreds, or perhaps 
thousands of persons, will feel the shock at the same instant, 
there being no perceptible interval in the time when the first 
and the last person in the circle feels the sensation excited by 
thejpassage of the electric fluid. 

llie atmosphere always contains more or less electricity, 
which is sometimes positive, and at others negative. It is 
however most commonly positive, and always so when the sky 

Elxplain the design of fig. 2!^, and show how an equilibrium is produced 
by the discharging rod. Wnen it is desired to pass the electrical fhiid throujrh 
any substance, where must it be placed in respect to the two sides of the 
battery ? Suppose.the battery is charged, what must a person do to take the 
ahock 1 What drcomstance is related, which shows the surprising velocity 
vith which electricity is transmitted ? Is the electricity of the atmorobeii 
naatheoriieintivel / 
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b clear, or free from clouds or fo^s. It is always stronger in 
winter than in summer, and dunng the day than during the 
niffht. It is also stronger at some hours of the day than at 
others ; being strongest about 9 o^clock in the morning, and 
weakest about the middle of the afternoon. These dinerent 
electrical states are ascertained by means of long metallic 
wires extending from one building to another, and connected 
with electrometers. 

It was proved by Dr. Franklin, that the electric fluid and 
lightning are the same substance, and this identity has been 
confirmed by subsequent writers on the subject. 

If the properties and phenomena of lightning be compared 
with those of electricity, it will be found that they differ only 
in respect to degree. Thus lightning passes in irregular lines 
through the air; the discharge of an electrical battery has the 
same appearance. Lightning strikes the highest pointed obr 
jects — takes in its course the best conductors — sets Are to non- 
conductors, or rends them in pieces — and destroys animal 
life ; all of which phenomena are caused by the electric fluid. 

Buildings may be secured from the efiects of lightning, by 
fixing to them a metallic rod, which is elevated above any pari 
of the edifice and continued to the moist ground, or to the 
nearest water. Copper, for this purpose, is better than iron, 
not only because it is less liable to rust, but because it is a bet« 
ter conductor of the electric fluid. The upper part of the rod 
should end in several fine points, which must be covered with 
some metal not liable to rust, such as gold, platina, or silver. 
No protection is afforded by the conductor unless it is contin^w- 
ed without interruption from the top to the bottom of the build' 
ingj and it cannot be relied on as a protector, unless it reaches 
the moist earth, or ends in water connected with the eartk* 
Conductors of copper, may be three fourths of an inch in di- 
ameter, but those of iron should be at least an inch in diame- 
ter. In large buildings, complete protection requires many 
lightning rods, or that they should be elevated to a height 
aSove the building in proportion to the smallness of their num<* 
bers, for modern experiments have proved that a rod only pro^ 

At what times does the atmosphere cont-ain most electricity 1 HoiW ^e the 
different electrical states of the atmosphere ascertained 1 Who fiist disco* 
vexed that ekH;tricity and lightning are the same 1 What phenomena am 
mentioned wl.ich belong in common to electricity and lightning 1 How may 
building be protected from the effects of lightning 1 Wmch is the best coxi- 
ductor, iron or copper 1 What circumstances are iiecessa>;|ri that the rod maj 
he lelied on as a pralectorl 
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lects • einrie srmmd it. the ndiBS of wlddi is equal to twice 

its Ien!£tii ibove the buiLfin^. 

SiHne ii<ne:^ hav^e the power of SiTing' electrical shocks* the 
edect* ot* which irp the same as tho<e ubtained by the friction 
tyi an eif rtric. The best known of these are the Torpedo^ the 

Gy^ I'.'f't.j '' •''*ricf£.^^ and the Silurus electricus. 

Tie ti»n:*»«!i?» when touched with both hands at the same 
tiine. the on.e hand on the nniler. and the other on the upper 
snrrai'e. w:il ^i^e a ^ho<r!v lilve that of the Leyden vial ; which 
rtonr* rhat the nroer and cnder sarfaces of the electric organs 
are in '-le r'-^iilve acii ne-raciFe state, like the inner and outer 
sor^are** oi tiie ^^iertnoal ;ar. 

T':e rv'iiii«''t-»is electrioui?- or electrical eel, possesses all the 
eleitn.'al '?ower« ot L*!e titrredo, but in a much higher degree. 
Wlien :Hii:iii i^h are viacei in the water with this animal, they 
ar^ 2*»nenilv- ^rr-iH!. and ?4:^riedraes kUIed, by his electrical 
-ihi^rk. arVer w!iich he eats them if hungry. The strongest 
9ho«rk .;f rt^e gvnnijt-is. will pass a short distance through the 
•ir, or am>ss rhe siirtln'e of an electric, from one conductor 
to anorher, anil Lnen there c;in be f>erceiTred a small, but riFid 
spark of electri'Tal dre : particularly U the experiment be made 
in the dark« G'llvanism, JSee Ckemistry. 



MAGNETISM. 

The native Mag-neU or Loadstone^ is an ore of iron, wliich 
m fi^und in various parts of the world. Its color is iron black, 
lis speciiic gravity from 4 to 5, and it is sometimes found in 
crystals. This substance without any preparation attracts iron 
and steel, and when suspended by a string, will turn one of 

sides towards the north, and another towards the south. 

li aopears that an exanniiation of the properties of this spe- 

•:*of iron ore, led to the important discovery of the magnetic 
■jeedle, and subsequently laid the foundation for the science ol 
Ma^rneiism, though at the present day magnets are made with- 
out ETis article. 

Thse whole science of magnetism is founded on the fact that 
pievesof iron or steel, after being treated in a certain manner, 
then suspenfied, will constantly turn one of their ends to- 



f'sjt anrnrds have the power of ^ving electrical shocks 1 Is this electiv 
«i r oi««i to differ from that obtained by art ? How most the hands he 
mvMn^ ''^ take the electrical shock of these animals 1 What is the native 
autrii^ jr Nxtdsioue .' What are the properties of the loadstone % On what 
K^k dubj^ of magnetism founded ? 
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wards the north, and consequently the other towards the south. 
The same property has been more recently proved to belong 
to the metaJs nickel and cobalt^ though with much less intensity. 

The poles of a magnet are those parts which possess the 
greatest power, or in which the magnetic virtue seems to be 
concentrated. One of the poles points north, and the other 
south. The mugnetic meridian is a vertical circle in the hea- 
vens, which intersects the horizon at the points to which the 
magnetic needle, when at rest, directs itself. 

The axis of a magnet, is a right line which passes from one 
of its poles to the other. 

The equator of a magnet, is a line perpendicular to its ax- 
is, and is at the centre between the two poles. 

The leading properties of the magnet are the following. It 
attracts iron and steel, and when suspended so as to move free- 
ly, it arranges itself so as to point north and south; this is call- 
ed the polarity of tlie magnet. When the south pole of one 
magnet is presented to the north pole of another, they will at- 
tract each other: this is called magnetic attraction. But if the 
two north or two south poles be brought together, they will 
repel each other, and this is called magnetic repulsion. When 
a magnet is left to move freely, it does not lie in a horizontal 
direction, but one pole inclines downwards, and consequently 
the other is elevated above the line of the horizon. This is 
called the dipping, or inclination of the magnetic needle. 
Any magnet is capable of communicating its own properties 
to iron or steel, and this again will impart its magnetic virtue 
to another piece of steel, and so on indefinitely. 

If a piece of iron or steel be brought near one of the poles 
of a magnet, they will attract each other, and if suffered to 
come into contact, will adhere so as to require force to sepa- 
rate them. This attraction is mutual ; for the iron attracts the 
magnet with the same force that the magnet attracts the iron. 
This may be proved, by placing the iron and magnet on pieces 
of wood floating on water, when they will be seen to approach 
each other mutually. 

The force of magnetic attraction varies with the distance in 

the same ratio as the force of gravity; the attracting force be- 

."■"^^^"^~"~" ^^^"~" 1 — ^^"— ^"— ^-^^^^— ^^^^— i^^— ^^.^™»^.^»-»— ^i^i^— «— — ^^i^^^^— ■^■^^^"^^^™ 

What other metals hcsides iron possess the magnetic property 1 What are 
the poles of a magnet 1 What is tne axis of a magnet 1 What is the equator 
of a magnet 1 W hat is meant by the polarity of a magnet 1 When do two 
magnets attract, and when repel each other 1 What is undentood by the 
dipping of the magnetic neecUe \ 
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kkg mteraelv as the square of the distance between the wng^ 
•el and the iron. 

The magnetic force is not sensibly affected by the interpo- 
of any substance except those containing iron, or steel. 
Tims, if two magnets, or a magnet and piece of iron, attract 
each other with a certain force, this force will be the same, it 
a plate of fr)a»s wood, or paper, be placed between them. 
Neither will the force be altered, by placing the two attracting 
bodies under iiater, or in the exhausted receiver of an air 
Mmp. This proves that the magnetic influence passes equal- 
ly well throusrh air, glass, wood, paper, water, and a vacuum. 

Heat weakens the attractive power of the magnet, and a 
white heat entirely destroys it Electricity will change the 
poles of the magnetic needle, and the explosion of a sniall 
quantity of gun-powder on one of the poles, will have the 
tame effect. 

The attractive power of the magnet may be increased by 
permitting a piece of steel to adhere to it, and then suspending 
to the steel a little additional weight every day, for it will 
flustain, to a certain limit, a little more weight on one day, 
than it would on the day before. 

Small natural magnets will sustain more than large ones in 
proportioR to ^eir weight It is rare to find a natural mag- 
net, weighing 20 or 90 grains, which will lid more than thirty 
or forty tim(^ its own weight But a minute piece of natural 
magnet, worn by Sir Isaac Newton, in a ring, which weighed 
only three grains, is said to have been capsuble of lifting 746 
grains, or nearly 250 times its own weight 

The magnetic property may be communicated from the 
loadstone, or artificial magnet, in the following manner, it be- 
ing understood that the north pole of one of me magnets em- 
ployed, must always be drawn towards the south pole of the 
new magnet, and that the south pole of the other magnet em- 
ployed, 18 to be drawn in the contrary direction. The north 
poles of magnetic bars are usually marked with a line across 
them so as to distinguish this end from the other. 

How is itprovrd that the iron attracts the niagnet with the same fetce 
that the magnet attracts the iron 1 How docs the force of ma^rnrtic attnio- 
llon Taiy wUh the distance? Does the magnetic force vai^ with the inter- 
poohion of any suhstance hrtween the attracting hodies 1 What it tlw efiecC 
of heat on the' mainu^ ? What is the eflfect of eiectrlcitv, or the exukflnm df 
tuB-llowikT on it 1 How may the power of a magnet be inereaseU ? What 
|i mid copcwning the eouipaiativB powen of great and smaflmagiwCs 1 
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Place two magnetic 
bars, a and 6, fig. ^3, so 
that the north end of one 
may be nearest the south 
end of the other, and at 
such a distance, that the 
ends of the steel bar to be 
touched, may rest upon 



them. Having thus arranged them, as shown in the figure. 
take the two magnetic bars, d and e, and apply the south end 
of e, and the north end of (/, to the middle of the bar c, eleva- 
ting their ends as seen in the figure. Next separate the bars 
e and d, by drawing them io opposite directions along the 
surface of c, still preserving the elevation of their ends ; then 
removing the bars d and e to the distance of a foot or more 
from the bar c. bring their north and south poles into contact, 
and then having again placed them on the middle of c, draw 
them in contrary directions, as before. The same process 
must be repcfated many times, on each side of the bar, c, when 
it will be found to have acquired a stronv and permanent 
magnetism. 

If a bar of iron be placed, for a long period of time, in a 
north and south direction, or in a perpendicular position, it 
will often acquire a strong magnetic power. Old tongs, po- 
kers, and fire shovels, almost always possess m^re or less 
magnetic virtue, and the same is found to be the case with the 
iron window bars of ancient houses, whenever they have hap- 
pened to be placed in the direction of the magnetic line. 

A magnetic needle, such as is employed in the mariner^s and 
surveyor's compass, may be made by fixing a piece of steel on 
a board, and then drawing two magnets from the centre to- 
wards each end, as directed, at fig. 223. Some magnetic 
needles in time lose their virtue, and require again to be 
magnetized. This may be done by placing the needle, still 
suspended on its pivot, between the opposite poles of two 
magnetic bars. While it is receiving the magnetism, it will be 
agitated, moving backwards and forwards, as though it were 
animated, but when it has become perfectly magnetized, it will 
remain quiescent. 

m. 1 ^^^^- ^ ■ - , 

Explain fig. 2i33, anrt describe the mode of making a masnet. In what 
aodtiona do bars of Iran beco:ne mai^tic spontaneously 1 l£»w may a 
ola be magustized without removing it from its pivot 1 
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The dzp^ or inclination of the magnetic needle, is its devia* 
tion from its horizontal position, as already mentioned. A 
piece of steei, or a needle, which will rest on its centre, in a 
direction parallel to the horizon, before it is magnetized, will 
afterwards incline one of its ends towards the earth. This 
property of the magnetic needle was discovered by a compass 
maker. Who, having finished his needles before they were 
magnetized, found that immediately afterwards, their north 
ends inclined towards the earth, so that he %vas obliged to add 
small weights to their south poles, in order to make them 
balance, as before. 

The dip of the magnetic needle is measured by a graduated 
circle, placed in the vertical position, with the needle sus- 
pended by its side. Its inclination from a horizontal line 
marked across the face of this circle, is the measure of its dip. 
The circle, as usual, is divided into 360 degrees, and these 
into minutes and seconds. 

The dip of the needle does not vary materially at the same 
place, but differs in different latitudes, increasing as it is car- 
ried to\vards the north, and diminishing as it is carried to- 
wards the south. At London, the dip for many years has 
varied little from 72 degrees. In the'latitude of 80 degrees 
north, the dip, according to the observations of Capt. Parry, 
was 88 degrees. 

Although, in general terms, the magnetic needle is said to 
point north and south, yet this is very seldom strictly true, 
there being a variation in its direction, which differs in degree 
at different times and places. This is called the variation^ 
or declination, of the magnetic needle. 

This variation is determined at sea, by observing the differ- 
ent points of the compass at which the sun rises, or sets, and 
comparing them with the true points of the sun's rising or 
setting according to astronomical tables. By such observa- 
tions, it has been ascertained, that the magnetic needle is 
continually declining alternately to the east, or west, from due 
north, and that this variation differs in different parts of the 
world at the same time, and at the same place at different 
times. 

How was the dip of the maspietic needle first discovered 1 In what man- 
ner is the dip measured 1 What circumstance increases or diminishes the 
dip of the needle ? What is meant by the declination of the magnetic nee- 
dle ? How is this variation determined ? What has been ascertained, con- 
oeming the variation of the needle at different times and places h 
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In 1580 the needle, at London, pointed 11 degrees 15 min- 
utes east of north, and in 1657 it pointed due north and south, 
so that it moved during that time at the mean rate of ahout 9 
minutes of a degree in each year, towards the north. Since 
1657, according to observations made in England, it has de- 
clined gradually towards the west, so that in 1803, its vnria- 
tion west of north, was 24 degrees. 

At Hartford, Con. in latitude about 41, it appears from a re- 
cord of its variations, that since the year l&M, the magnetic 
needle has been declining towards the west, at the mean rate 
of 3 minutes of a degree annually, and that on the 20th of July, 
1829, the variation was 6 degrees 3 minutes west of the true 
meridian. 

The cause of this annual variation has not been demonstra- 
ted, though according to the experiment of Mr. Canton, it 
has been ascertained, that there are slight variations during 
the different months of the year, which seem to depend on the 
degrees of heat and cold. 

The directive power of the magnet is of vast importance to 
the world, since by this power, mariners are enabled to con- 
duct their vessels through the widest oceans, in any given di- 
rection« and by it, travellers can find their way across deserts 
which would otherwise be impassable. 
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